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The 
New TAG 


Gseneral Catalog 
Send for Yours NOW 


RESENTING the complete line of TAG 

Controllers, Recorders, Dials, Thermom- 
eters, Hydrometers, Oil Testing Instru- 
ments, Steam Traps and Moisture Meters— 
all under one cover. Just off the press—it’s 
far more than a mere catalog—it’s a hand- 
book of instruments that should be on your . 
desk. | @ ‘ 


MAIL COUPON TO-DAY! | 


C. J. Tagliabue Mfg. Co., Park & Nostrand Aves., Brooklyn, N. Y. 
Gentlemen: 
Please send me the New TAG General Catalog *1000-I 
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Miniature Indicating Instruments 


for Every Need 


N arc welders, X-ray equipment, auto- 
motive test equipment, radio service ap- 
paratus, and in fact wherever small indicating 
instruments are used, Jewell Miniature Instru- 
ments have proved outstandingly successful. 

The striking success of Jewell Miniatures in 
fields where operating conditions are most 
severe is indicative of their rugged construc- 
tion and durability. 

Available in direct current, alternating cur- 
rent, thermo-couple, and rectifier types in 
sizes ranging from two to seven inches in di- 
ameter, Jewell Miniature and Switchboard 
Type Instruments answer every indicating 
need. 








Jewell facilities for producing miniature instru- 
ments with special dials or other slight variations to 
meet the requirements of manufacturers assure good 
service on special needs. 

A group of Jewell Miniature The experience of the Jewell engineering depart- 

Instruments ready for packing. ment is at the service of every manufacturer in the 

These instruments are made with selection and adaptation of Jewell Instruments to 

special dials for a large manu- his needs. 

ecturer of radio equipment. Whatever your instrument requirements, it will 
pay you to consult the nearest Jewell representative 
for information regarding instruments and recom- 
mendations as to the best equipment for your ap- 
plication. 


a | => JEWELL ELECTRICAL INSTRUMENT COMPANY 
/ 1650 Walnut Street Chicago, Ill. 


“aL oe J 31 YEARS MAKING GOOD INSTRUMENTS 
= EWEE. 
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IMULTANEOUS MEASUREMENTS 
OF rE , 
FORCE 
PRESSURE | 
DISPLACEMENT ff 
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ELECTRIC TELEMETER 


RANSIENT stresses, vibratory phenomena, pressure 

surges and other variable forces are faithfully repro- 
duced by the McCollum-Peters Electric Telemeter. This 
visible record is indispensable in studying the perform- 
ance of mechanisms under actual working conditions. 
Any combination can be furnished for any purpose. 


Telemeter Set, with special drum camera for high 
film speed, daylight loading. Calibrator at 
extreme left. 

in 





Send for the following bulletins 
BEGGS DEFORMETER 
WHITTEMORE STRAIN GAUGE 
HUGGENBERGER TENSOMETER 
SOUTHWARK EMERY TESTING EQUIPMENT 


BALDWIN SOUTHWARK CORPORATION 
SOUTHWARK 


PHILADELPHIA 
When writing to the above company, please mention INSTRUMENTS 
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The Brown Potentiometer Pyrom 
eter. Operates on null principle 

independent of line resistance. Has 
over 50 improved features not here 
tofore available in a potentiometer 
pyrometer. 


See our Potentiometer Ex- 
hibit at The National Metal 
Exposition, Booths D-76 and 
D-78, on Commonwealth 
Pier, Boston, Mass., during 
the week of Sept. 21, 1931. 
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This New Catalog 


Illustrates in detail more 
than 50 new features 
of the BROWN 
POTENTIOMETER 


Pyrometer 


This Catalog describes the Po- 
tentiometer method of tempera- 
ture measurement. 
It explains the need for greater 
accuracy in scientific control of 
heating processes and how the 
Brown Potentiometer Pyrometer 
meets this need with an accuracy 
never before attained. 
It shows why the Brown Poten- 
tiometer Pyrometer is more ser- 
viceable for the daily grind of 
industrial use. 
Thefeaturesthat makethe Brown 
Potentiometer Pyrometer so out- 
standing are explained in detail. 
Write for your copy 
Ask for Catalog 1101 


THE BROWN INSTRUMENT CoO. 
4482 WAYNE AVE., PHILADELPHIA, PA. 


Branches in 22 principal cities 


Brown PoTENTIOMETER PYROMETER 





Brings Laboratory Accuracy to Industry 


When writing to the above company, please mention INSTRUMENTS 
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LEEDS & NORTHRUP COMPANY PRESENTS 


MICROMAX 


THE IMPROVED L & N POTENTIOMETER PYROMETER 





Micrometer Sensitivity, 
Self-Standardization 
and High-Speed Recording 


Nos Leeds & Northrup an 
nounces Micromax, embod; 
lg MASIC mprovements, I sin 

potentiometer pyrometer toa 
new high level of accur acy, OF 


reliability, and of strictly auto- 


Like the announcement made 
over twenty vears ago, when | eeds 


& Northrup introduced the first 





lustrial potentiometer pyr 


eter, today’s announcement brings 
pyrometer users ba new advan- 
tages—a new order of sensitivity, speed iracy and reliability. In Mier 
xX | Xx N igain presents the pyr eter ti 
t accurate pyrometer in industry 


No Daily Attention—No Adjustments 


: he new Micromax “‘scissor-ai S but pen steps 

| ilancing device 18 so mucroscop- re] ted to the extent o! tempe i 
cally sensitive that it will detect cl inges is indicated by the exte 
deflections of the galv inometer point ot gaivanometer pointer t 
er amounting to 1/1000th of an incl Its nor Ss au 
It is unaffected by wear. It requires prevented from attempting \ 
no adjustments. It makes the record- the mechanism beyond either end of 
er action responsive and speedy as no _ the scale. 
potentiometer recorder has ever been Mict x is the IIx t 


so fast that the pen or print-whe 


INndaus ei € é 
on a Micromax Recorder will step it needs no daily attention: the # 
cross the entire 97% inches of cal strument circuit in every Micromax 
brated chart in less than twenty-two model is now standardized 
seconds, a performance heretofor¢ matically , ome ur 
yt even remotely approach t s or less t} 
Not only is it rapid and super-sen- it is done manual] 








ESTABLISHES A NEW STANDARD OF ACCURACY AND 


P.24 
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To industry in general, and in 
particular to the many thousands of 
present users of L & N Potentiometet 
Pyrometers, Micromax is presented 
as the culmination of over twenty 
vears of specialization in industrial 
potentiometer pyrometers and ot 
three years ol concentrated work in 
the final development of its particular 


rehinements. 


Automatic Standardizer 
ARIABLES due to daily manual 
standardizing of the instrument 

circuit are also eliminated in Micro 

max. Every forty-five n inutes o1 

less the circuit is standardized auto 

n it ic illy more accurately than is 

done manually. In addition, the cit 

cuit can be standardized manually 
if at any time a check is desired Phe 
Ww it 


mechanism itself automat ile 


guards this vitally important ph ‘ 







ol potentiometer operation 


To Present Users of L & N 


Potentiometer Pyrometers 


a ccord with our established 
pole prot ion i I 


| ection 1s given to 
the thous nds of pre ent uset 
in that their L & N Poter 
tiometer Pyrometer ire ¢ 
Ve ( Into Mic rol 4 E 
a ay eh ‘ rometet | he MM cro? 
ae MEW GRY BATTERY ; ( t | lancir OY ce 
ce and the automat tand 
11Ze1 ire u t a ( lie 
which « | Insta led In Tes! 
rder he user’s own plant 
tl ( interrupt 
Rapid, Super-Sensitive, oth 
et . . %) . Of u(s) |’ 
Scissor-Action’’ Balancing SEND LOReee va COPY 
. , ° Twit 
REQ IRING no adjustment ind \W2J\ 
not affected by wear, the Micro \\ NU 
; Of New \\ \\ 


max “‘scissor-action”’ balancing uni \ 
eee \\ 

responds to galvanometer pointer de Catalog \\ “ Pe 
flections as small as 1/1000th of an \ 

, | 
- \ = 
inch. Micromax banishes the var No. 87-I eer 
ables involved in variations in ad = 
justment of the balancing device, in 
mech Uni il cle irances he retofore nec Micromax, in all models, 
essary in circuit balancing, and 


progressive mechanical wear. - is available immediately. 


LEEDS & NORTHRUP COMPANY 


4901 STENTON AVENUE PHILADELPHIA PA 


LEEDS & NORTHRUP 


Branch Offices: Pittsburgh Detroit St. Louis Tulsa Los Angeles Cleveland Chicago Houston San Francisco 





DEPENDABILITY IN INDUSTRIAL PYROMETERS 
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BRISTOL'S 





The Most Extensive Line of Recording 
Indicating and Controling Instrument 
Equipment For The Industries 


Pressure and Vacuum 

Pressure Gauges, Recording 
Pressure Gauges, Indicating 
Vacuum Gauges, Recording 


Shunt Ammeters, Recording 
Wattmeters, Recording 
Frequency Meters, Recording 


Humidity 
Vacuum Gauges, Indicating P | 
: sychrometers, Recording 
Combination Pressure and Vacuum Gauges > 
> Psychrometers, Recording Controlling 
Recording 
I 1 Level — 
SUL Lewe : Tachometers, Recording 
Liquid Level Gauges, Recording Tachometers, Indicating 
Liquid Level Gauges, Indicating M 
Water Level Gauges for Steam Boiler otion 2 : 
: I Mechanical Motion Recorders 
Indicating and Recording , 
Electrical Operation Recorders 
Temperature R Control Automatic 
Thermometers, nex ording (for temper- Control Instruments for Temperature, 
ne eos up to 1000 F.) M Pressure, Liquid Level and Humidity, 
a Indicating ercurial furnished in both Electrically Operated 
P ype R and Air Operated Types. 
stoma — “ pending (tor temperatures Control Valves, including Motor Operated, 
P up to agg ° Solenoid and Diaphragm Motor Types 
aS ane (for temperatures Control Panels 
up to OA -) 


Miscellaneous 
Engine Counters 
Volemeters, Recording Revolution Counters 
Milli Volemeters, Recording Averaging Instruments 
Ammeters, Recording Gaugeboard Clocks 
Supplies for Recording Instruments 


FIELD ENGINEERING SERVICE WITHOUT OBLIGATION 


To aid in planning for new equipment, or for installation details Bristol's Field Service 
Engineer will be placed at your disposal—without any obligation whatsoever. 


THE BRISTOL COMPANY, WATERBURY, CONN. 


Electricity 


M illi Ammeters, Rec ording 








Branch Offices — = Branch Offices: 
Boston Pe a Chicago 

New York f Detroit 
Philadelphia i i Denver 
Pittsburgh 1 St. Louis 
Akron d _ INSTRUMENTS Los Angeles 
Birmingham " J FOR RECORDING INDICATING CONTROLLING San Francisco 


































INSTRUMENTS Pa 





Y stren UOUS 


life 


for these controls 








—they’re built to take shop abuse 


Votor operating \utomatic controls don’t re gh ind Off,  . wo 
tt na main automatic around heat Posit ee ¥: 
treati fu | 
are turdy | \ 1 1 H D 
matic’” means little unless the \l ea] Ho 
id col in withst bun _ 7 ai . 
eS . it ; 
Minneapo Honeyw el 
Type } ntro re ce I} tem} 
witl wledge before pre 
p 
& that tl Isto t hare t , 
\ mple, t ndust Inst ) ! A 
Mead ity ly 
Ul e. The | 
commutator . t 
Pr to wear out or require uniformity and qua 
’ “ on. Their hou If ire Dy ¢ ANCING t 
; h to stand bang Let our experienced indu 
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¢ Addre ““Laboran 


MINNEAPOLIS | | | 
INDUSTRIAL REGULATORS 


HONEYWELL]. 
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The Language of Color 


erty imparts knowledge 
A that enables modern in- 
dustry to analyze materials and 
control production. With the 
colorimeter it is possible to 
measure the content of solutions 
with high accuracy. New ap- 
plications are constantly being 


discov ered. 


The B & L 50 mm Duboscq 
Colorimeter No. 2502 is equip- 
ped with an “easy to read”’ scale 
which enables the operator to 
read the illuminated translucent 
scale, through a magniher, 
from the eyepoint posi- 
tion. The optical system 
is entirely balanced and 
colorless, being devoid of 
absorbing cement layers 
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and reflecting silver surfaces. 
The dividing line is extremely 
sharp and practically invisible 
at the match point. The eye- 
point aperture 1s unusually large. 
The cups are held in rigid cup 
carriers, and the whole construc- 
tion is such that the colorimeter 
1s very stable and sturdy. 


The colorimeter lamp shown 
with the No. 2502 Colorimeter 
gives a brilliant, highly diffused, 
indirect illumination that covers 
the entire mirror surface. 

Write for complete in- 
formation. 

Bauscu & Loms OPTICAL 
Company, 615 St. Paul 
Street, Rochester, N. Y. 





eae © EONS 


NSTRUMENTS 








: 1 
Sebtember, 1931 


INSTRUMENTS 





TABLE OF CONTENTS 


SEPTEMBER, 1931 














Editorial Comment 


The Determination of Low Permeability 


Frank p 


Fahy 


Measurement of Air Flow 


E. Ower 


Speed and Acceleration (Cont. 
M. F. Béhar 


New Instruments 
Improved L & N Potent 
New Wire Gage 


Light Capacity Direct Reading 


“ - AA, 
V le 


Spec ial Double Micrometer Micr 

The Electrolimit Gage 

Dennis Melting Point Apparatu 
Outdoor Lighting Control Relay 
New Solenoid-Operated Valve 
New Laboratory Scale 

New Sheet Metal Tester 

New Adiabatic Calorimeter 
Multi-Contact Making Pressure Gage 


Special Comparator for Checking Steel f 


Indoor Lighting Control Relay 


‘1 AA 


New Fuel-and-Air Ratio Meter 
Convert O Matic Scale 


Tru- Vac ( Age 


Automatic 


Viscosimeter 


New Time Switch 
New Wide Field Magnifier 
New Photo-Electric Lighting Control Rela 


Catalogue Library 594 Advert 


Buyers Guide 








Richard Rimbach, Managing Editor 


INSTRUMENTS PUBLISHING COMPANY 
3619 FORBES STREET, PITTSBURGH, PA. 


Joseph J. Vigneau, President Richard Rimbech, Vice-Pres. & Treasurer 











Published the 15th of each month by 


TERMS OF SUBSCRIPTION 


Annual Subscription: $2.00; Single Coples, 25c. 
Copyright, 1931, by Instruments Publishing Company 


M, F, Béhar, Engineering Edito 








Pa INSTRUMENTS September, 1 


An Electrical 
Hair Trigger 


This device may be employed wherever 
a positive, rapid, durable electrical con- 
tact is required. It is the simplest, most 
economical and practical link between a 
delicate controlling current and a power- 
ful controlled current. Can also be oper- 
ated by hand or mechanically. Operates 
in any position, irrespective. of moving or 
shaking. No strain on leads. No arcing 
or corrosion. Clean makes and breaks, 
without hang-overs or chattering. 


BURGESS 
VACUUM CONTACT 



















General Specifications: Ample contact capacity sealed 





in a vacuum. Movement of only 0.02 inch required to 
operate. Force of less than 10 ounces. Circuit positively 
broken by 0.00! inch separation of contacts. Handles 
up to 6 amperes continuous load, 8 amperes intermit- 
tently, at 220 volts. Particularly applicable to usual 
telephone type relay for controlling power circuit. 
Handles rated current as fast as 40 breaks per second. 
Infinite applications 


BURGESS-PARR COMPANY 


DIVISION OF C.F BURGESS LABORATORIES INC. 
tit WEST MONRAGE STREET 
CHICAGA, ILLINAIS 








EDITORIAL COMMENT 








“Praise from Sir Hubert” 


T is by no means a rare event for some scientist to express the debt of 

gratitude which pure research owes to scientific instruments. Sit 
Oliver Lodge did so on many occasions; before him Lord Kelvin declared 
that physics is the science of measurement; and the founder of modern em 
pirical philosophy, throughout his Principia and Opticks, laid stress on the 


importance of accurate quantitative measurements 


Now and then in these modern times similar tributes are uttered or ] 
ned by eminent engineers and industrial leaders in praise of industrial 
instruments. 


There is one industry which constantly uses both scientific and plant pro 
duction instruments as well as many others which belong to both divisions 
That industry is really a group of industries and of research fields including 
radio, geophysics, sound pictures, trafhe control, telephony, electric record 
ing, thereapeutics, etc., etc. In fact we may speak of the electronic in 
dustries in the plural number. Their organ is Electronics and its editor 


is O. H. Caldwell. 


What Caldwell writes on any subject connected with his tndustrv 
(rather, industries) is worth reading. What he has to say on instruments 
alk tienen ee Wherefiwe we take ple ap EET 
if of interest to our readers. herefore we take pleasure in reprinting h 
August editorial: 


The f ontrit ution M de By lr trument 


HERE is perhaps no field where instruments have played such an important rdl 
advance of an art as in the radio, sound and allied industries 


Instrument manufacturers by their ingenuity, patience and workmanship have produce 





many standard and special instruments to meet the most exacting requirements of develoy 
ment engineers and the production line. To make even a partial list of such instrument 
would run up into the hundreds. Instruments are man’s most valuable tools. Perhaps th 
“ingenuity” of man has not increased since the stone age, but the development of instrument 
has made possible the crowning of many geniuses in modern times 


The electronic industries owe much to the instrument makers for their assistar 


past, but even more so, each manufacturer in this field owes it to himself to equip his engineer 
with the latest of instrument models in order that even greater advances in the art ma 
expected. Instruments are the wherewithal to carry forward into practical development the 


revolutionary advances made in an infant industry during the 7 
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INSTRUMENTS EMPLOYMENT SERVICE 


No charge for insertion of notices, which should be addressed to Instruments Employment 
Service, 3619 Forbes Street, Pittsburgh, Pa., should be written tersely and must be received 
by the 25th of the month. In replying, put identification number on both envelope and letter 


MEN AVAILABLE 


INSTRUMENT MAKER: 7 years experimental laboratory of electrical company. J-1. 

INSTRUMENT MAKER: 3% years experimental laboratory of lamp company; 2 years 
experimental laboratory of electrical company. J-2. 

PYROMETER MAN: Graduate Pennsylvania State College. Had charge of pyrometer 
calibration laboratory in plant with 1100 pyrometers. J-3 

MET ALLURGIST 11% years University of Pennsylvania; 7 years night school Carnegie 
Institute of Technology. 2 years steel plant analyst; 71% years plant metallurgist in foun 
dry. Can read German, Polish, Bohemian and Russian. J-4 

METALLURGIST: Graduate University of Pittsburgh; 5 years steel plant metallurgist; 
6 years sales metallurgist; 3 years metallurgist automotive plant. J-5. 

ELECTRICAL ENGINEER: Graduate Charlottenburg Technische Hochschule; 8 years 
research engineer with chemical company; 4 years steel p'ant electrical engineer; can 
read German, French, Spanish and Italian. J-6. 

INSTRUMENT SALESMAN: Mechanical Engineering Graduate; experienced sales ar 

les Manager 5 years Ex 

J 


i 
ther testing equipment 8) 





} 


1G 








service most type of power plant instruments. District S 








perience on gages, flow meter, CO, recorders, pyrometers and 


PYROMETER MAN: 8 years experience; expert electrician and gage (hydraulic, pressure, 
ior 


| fis male 7 : 
vacuum, etc.) service man; 3 years instrument laboratory; education equivalent two years 





of engineering college. J-9. 

INSTRUMENT ENGINEER: Graduate Engineering College. Charge of instrument 
department in large industrial plant for 214 years. J-10 

INSTRUMENT MAKER: Dip. Ing. Charlottenburg, 2 
pany building electrical and temperature instruments 
New York. J-1l 

RADIO OPERATOR: Graduate Dodge Institute, 1917. Commercial license either broad 
cast or telegraph. J]-12 

INSTRUMENT SALESMAN: Gradua:e ME, 4 years control instrumeats, 2 years 
power plant specialties, 4 years manufacturing experience, in shop. Now N.Y. District 


Mor large rr 1 


rs German Instrument 


ir patent research bureau in 








ing mill. J-13 


The Optical Works of E. Leitz in Wetzlar, Germany have completed their 300,000th 
Microscope. This instrument was presented at an appropriate gathering to Geheimarat 
Profes:or Dr. Ludwig Aschoff of Freiburg ia Breizgau, Germany, a scientist and physician of 
world renown in the pathological and anatomical field of scientific endeavor. 

The dedication of this microscope follows a custom of the firm of E. Leitz to present every 
50,000th Microscope to an outstanding scientist or institute, thus expressing their apprecia- 
tion for the cooperation extended by leading authorities to the Leitz Works 

The names of the institutions and scientists who have received the 50,000th microscopes 
ire known throughout the world. They are: 


Microscope Serial No Presented to 


50,000 German Tuberculosis Sanitorium in Bavos, Switzerland 
100,000 Dr. Robert Koch in Berlin 
150,000 Dr. Paul Ehrlich in Frankfurt 
200,000 Dr. Martin Heidenheim in Tuebingen 
250.000 Institute for Tropical Hygiene in Hamburg 


300,000 Dr. Ludwig Aschoff in Freiburg in Breisgar 
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The Determination of Low 


Permeabilit 
y 
Frank P. Fahy* 
HE increasing growth of interest in magnetic properties and their de 
termination has comparatively recently been actively extended with 
regard to materials of very low or feeble permeability. 

The field of measurement of magnetic permeability of sheet, cast and 
magnet material, as essential elements of construction of electrical apparatus 
ind instruments is at present quite adequately covered. Here the tests are 
of bodies ranging from very high to high, medium and moderately low pet 
meability and the literature on methods of tests is quite extensive. This is 
not the case with materials of very low permeability, under which may be 
classed those ranging from unity (the assumed permeability of empty space) 
or the “non-magnetic condition” to those having a permeability of 5 o1 
somewhat more. 

The need of measurement of very low permeability arises from the use of 
materials as elements of structure under circumstances where a magnetic 
characteristic markedly greater than unity is undesirable. An example is 


1 


found in the use of metals in aircraft in locations where the magnetic pro] 
erty would interfere with the efficient performance of direction indicating 
means. Again, the employment of material such as non-magnetic cast iron 
in dynamoelectric machinery where it is essential that this does not act as 
i flux path of low reluctance. These represent one aspect 

For the other, there is the growing need and use of magnetic measure 
ment as a means for studying both the state and stability of materials of 
construction which in their optimum state are presumed to be non-magnetic. 
The leading case is that of some of the later austenitic steels which are, at 
least in theory, non-magnetic but which through exigencies of manufacture, 
handling in fabrication, conditions of use or even inherent non-stability are 
liable to departure from that state. In such cases, the magnetic charactet 
istic serves purely as an index of condition and much attention has been 
aroused with regard to interpretation in terms of modified strength and 
ductility, decreased resistance to corrosion and so on 

Granting the requirement of ascertaining the magnetic condition of such 
materials as fall into the classes cited, some ways and means of making the 
desired examinations will be considered. 

Let us treat first of determination of magnetizability, as distinct from ac- 
curate measurement. This permits the use of devices which serve qualita 
tively rather than quantitatively. One such, in its simplest form, is shown 
in Fig. 1 wherein A is a permanent magnet of the horseshoe type on each 
leg end of which is attached a pole piece extension of highly permeable 
magnetic material designated as B. Encircling the extensions B are coils C 
consisting of many turns of fine wire so connected in series that when the 
tree ends of such extensions are bridged by a magnetizable body the electro 
motive force impulses induced are additive. The indicating instrument D 
connected in series with the coils C serves to indicate the existence and 
magnitude of such electromotive forces. 


*Magnetic Test Engineer, New York, N. Y 
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nm the use I the dey t t | yy 1. the ends of th ) p1ect 3B re brought 
} ] ] ] } 

into proximity ctu mtact with the ody to be test f such bod) 
is magnetic in character, both the total flux and its longitudinal path withi 
the extensions B are modified with a consequent Change 1n linkage, ODser! ’ 
ible through an impulsive throw ot the instrument D. Roughly, such 1 
pulse 1s proportional to the susceptibduity It is found in practice that the 

j SY | +} 1 | 
indications are more consistent and reproauciDi when the impuise is ol 
served upon removing the poles from contact or proximity, rather than upor 
ipplication [his 1s because the end conditio1 r actu Yr Quasi contact 
with the body is the more readily liacted when the nol ‘0 at rect Tl 
With the Dodgy 1s the ore Te WUY GyJUSTE Writ tne oles ¢ Crest et 
other end condition, away from the body, 1s not ritic one 
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, 7 > > 1% nc { 1 x } + . nor 
In principle, the contrivance described is essentially that of the ordinary 
| ee = 
telephone receiver with the diaphragm remov However, for best func 
tioning with respect to sensitivity careful desig Important and it 1s dé 
: or ah : 
sirable to include means in combination with the indicator so as to permit 
ee f the latter wit! an ee hange. Ar 
idjustment of the tter with reference to Stand 1 oF tux Change d 
j £ ¢} ee ee eee Ce eee ee want 
| rp > Ty > | \ , | > Y x > x ort y 
1dvantage of the method 1s thn It 1S applic e to fairly large or very sm 
ee eee. ee ics iene he ad eae” ook 
bodies and permits of highly local determinations. It has the advantage ot 
: : | et | a= : 
not giving results in standard units, but as a means of obtaining comparativt 


1 1 
measurements it 1s extremely useful. 





To obtain measurements in standard t 
may be discussed here, both of which require test specimens of uniform 
section. In Fig. 2 is illustrated the more or less classical method where! 
specimen under test, E, is shown located at the central interior region of 
solenoid. S. the winding terminals of which are connected to one side of 
double-pole, double-throw switch P', the other side being cross connected 
The middle points of the switch P' are connected to a source of direct 
current electromotive force, F, through a variable rheostat R, ammeter K, 
reversing switch P and the primary ding of a calibrated mutual inductor 
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M. Located it the centr interior region of! the lo id . 
T of known number of turns, adapted to receive the specimen E and cot 
nected as shown throu | 1} 


In this test or secondary circuit are resistances W and W 


galvanometer G. t lary circ 
respectively arranged to provide series and parallel control of the sensitivity 
f the galvanometer. 

Provided that the permeability of the specimen E is not markedly greater 
than unity, its self-demagnetizing effect is neglig nd the ampere-turt 
per cm. ol leneth of the solet oid nay | et ke I ect measure of y 
netizing force. A preliminary step to the test invol the calibration of the 
galvanometer to permit reading of the flux to | er’ n standard unit 
With no specimen within the solenoid, switch P sed on its cI cor 
nected side so as to cut out the soler 1 winding I the pru VY circuit 


the number of turns 1n the winding T and the cross-sectior rea of the 
specimen E,a value of current 1s computt t f whicl rl 

" 1 1 } 1 1 

ponds to a definite flux change per unit are I section of the test spe el 
Adjustment of the galvanometer to this I IS 18 Made Dy meal I thet t 
ince W, so as to permit direct reading from the e. This calibratior 
oe Se neoh fae inchade the Loeuccl <aprerlenes 4 
yeING effected, switch P' is closed so to inclu the t 1W Hing 1 
the primary circuit. 


The next preliminary step ¢ S fOr & Inte! ect th 





winding of the inductor M and the test winding T that upon revert 
current in the primar | electromotive fore 
will be in oppositior vated dw ti 
that for reversal of ar re will be no deflectio 
f the galvanometer. tbsequent insertion of 
the spec:men E, with nometer di 
flection prope rtional , y ft the par 
ticular magnetizing force applied 

The especial idvantage of the variable inductor that it permits the u 
of the galvan meter at its highest sensitivity for the measure of the flux 


individual to the specimen. That is, the winding T must be sensibly lar; 


> 











in section than the specimen to permit of t 
may be cases where it 1s desired to provide for the examination of differently 
sized samples, whence it follows that it embraces flux which may often b 
much greater than the quantity under measurement. The inductor ther 
fore balances out that portion of the flux which would normally obtain 1 
the ibsence of the test specimen The indicat lux then the pertinent 
quantity, or intt nduction, B;, and to tl ust be led the value of 
the magnetizing force, H, acting in order t tain the induction, B, TI 
induction B divided by the magn« ce H expresses the permeability 
In the ideal circumstances, the f the inductor for any specimet 
is made once for all. Without further adjustment the variation of the 1 
trinsic induction with magnetizing force may be readily noted for a wid 


1 


range of values of the latter within the compass limited by heating of th 
solenoid and the inductor winding 

The method of Fig. 2, as pointed out, presupposes that the specimen | 
has a permeability ipproaching ut I tl >tiZI 
computed directly from ampere-turns. Where the departure from unity 
relatively great, however, there is a demagnetizing effect 
taken into account. This effect acts in two way 1. The actual magnetiz 


ing force becomes indetermina 
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inductor M must be made anew for each value uf magnetizing current. 
There are other practical limitations involving inductor design, difhculty 
in applying high magnetizing forces and heating effects on the test winding 
T° 


In Fig. 3 there is shown a form of apparatus for low permeability testing 


| 
— 
ray 


- _ . ] 
os | 


: aaoeen — 














wun NM 
— 
oa (4) 


which overcomes such disabilities by a construction making the magnetizing 
force measurement and extraneous flux deduction elements an integral part 
of the secondary system. In this figure (a) represents an end elevation of a 
magnetizing solenoid of rectangular section within which, at its center of 
length, are three test windings T, T; and Ts. T is the winding within 
which the test specimen is to be inserted while T; and T, arranged on either 
side, serve as search coils for direct measurement of the magnetizing force. 
These latter coils are connected for series addition and are so wound that 
the combined sum of their area-turns (mean sectional area of winding 
number of turns) is very slightly in excess of the area-turns of the winding 
T. 

The electrical connections are shown schematically in Fig. 3 (b) wherein 
S is the magnetizing solenoid connectable through one side of a double-pole, 
double-throw switch P, to a reversing switch P served from a source of 
electromotive force having an interconnected rheostat and ammeter as 
shown in Fig. 2. The other side of switch P; leads to the primary of a fixed 
value inductor M', the secondary of which is in circuit with a galvanometet 
G and a dial switch P» of the double-pole, triple-throw type. The latter is 
connected so as to permit selective adjustment and observation of the elec 
tromotive forces induced as hereafter described. The resistance W» pro 
vides for parallel resistance control of the galvanometer. 
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The method of magnetizing force measurement of the apparatus of Fig. 3 
rests upon the principle that the air flux per unit section at the central region 
of the solenoid S provides a direct measure of such force. When the area 

ian ok either the winding T or the combined windines T,-T. are known 
turns of either the winding | or the combined windings ig are Known, 


either may serve as a basis of measurement. 


In the operation of the apparatus and preliminary to insertion of test 
material within the coil T, switch P; is thrown to the right and adjustment 
is made by means of a resistance W; so that with switch Ps on the point O 
the galvanometer deflection is zero when current in the solenoid §S is re 
versed or otherwise modified by the use of the switch P. Under these con 
ditions the effective area-turns of the combined windings TT» just balances 
the actual area-turns of the winding T for all values of magnetizing current 
The windings T; and T, thus not only replace the secondary winding of 
the variable inductor M of the apparatus of Fig. 2 but in addition provide 
means whereby the magnetizing force becomes determinate at all times for 
. wide range of specimen permeability. 

When the balance as described is reached, it will be clear that the inser 
tion of a test specimen within the winding T will lead to a galvanometet 
deflection, upon reversal of the switch P, related to the intrinsic induction 
To permit of the measurement of such induction in absolute units, together 
with the corresponding magnetizing force, requires calibration of the galvan 
ometer G. It is essential to such calibration that the number of turns 11 
the winding T be known; likewise the area-turns value for the winding T 
Ts. The former should be accurately counted at the time of constructing 
the coil. The area-turns of T,-Ts, however, are best determined by means 
of a standard solenoid measurement. The values are obtained once for all 

Consider first the calibration of magnetizing force, H. When the switch 
P, is on the point H the galvanometer is connected through the secondary 
of the fixed inductor M! to the winding T,’T» in such manner that the bal 
incing resistance W, is withdrawn. Thereupon the switch P, is closed so 
as to allow current to pass through the primary winding of the inductor, 
the value of the current being adjusted with regard to the constant of the 
winding T,T» so that its reversal corresponds to a definite flux change 
Adjustment of the galvanometer on the basis of such flux change is made 
by means of the resistance W; so that the magnetizing force may be read 


directly from the instrument scale in the course of a test. 


The calibration of the galvanometer to permit direct reading of the in 
strinsic induction is made in a similar manner, in which case switch P» 1s on 
the point B;. Here, the winding T and the combined windings TT», the 
latter as shunted by W,, are connected in series opposition through the 
secondary winding of the inductor M' to the galvanometer, the resistance 
W, serving for the scale adjustment. After calibration is effected, switch 
P' is thrown over to serve the solenoid for the carrying out of the actual 
tests. 

Important advantages are found in the apparatus of Fig. 3 in that the co1 
T may be so shaped as to accommodate a wide range of sections. Again, no 
severe limitations as to length of solenoid are imposed when the magnetizing 


force is measured through the medium of the search coils described and 1 


becomes possible to employ a quite short solenoid in combination with a 
yoke for completing the magnetic circuit. Such yoke can itself carry a mag 


netizing winding and thus assist in the carrying out of tests under forces fat 
beyond the range normally applicable with the apparatus of Fig. 2. 
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CHAPTER: VITI. 


MISCELLANEOUS METHODS OF FLOW MEASUREMENT 
DEPENDING ON PRESSURE OBSERVATIONS, 


Measurement of Flow in Small Pipes.—The Pitot- 
static tube of the standard type is not 
suitable for traversing a pipe of less than. —————/ 
about 6 inches diameter. It will be re 
called that when this instrument is used 
to determine the volume, observations 
must be made at points whose positions 
are fixed in accordance with definite rules ; 


for example, if six readings are taken along 
a diameter, one observation has to be 
made at a distance of 0-044 pipe diameters 
from each wall. In a 6-inch pipe this 
means that the axis of the Pitot tube 
must be placed at a distance from the 
wall of just over } inch, a position in 
which the outside of the standard Pitot 
head will only be about ,', inch from the 
pipe wall. In pipes of less than 6 inches 
diameter the outside of the standard Pitot 
tube will be correspondingly closer to the 
walls of the pipe, and the flow there is 
likely to be seriously influenced by the 
presence of the Pitot, so that errors, prob- 
ably mainly on the static pressure read- 
ing, may be expected. 

Some alternative to the standard Pitot 
tube is therefore required for small pipes. 














The obvious method is to use a Pitot tube | 
of considerably smaller dimensions, and \ 
satisfactory results have been obtained in 

this manner by the use of an instrument H 


f the form shown in Fig. 46. Since for 
( € ( n sno . l g 4 ¢ O Fic 46.- Small Pitot 
such small tubes the concentric construc- static tube. 
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tion of the total head and static tubes presents some difficulty, 
the two tubes are here arranged side by side except for a short 
length in the head itself where the total head tube enters the 
static tube through the side, the junction being made air- 
tight by soldering. The mouth of the total head tube is about 
0:03 inch in diameter, whilst the bore of the static tube is 
about 0-06 inch and the diameter of the static holes may be 
about o-o1 inch. An instrument of this kind must be cali 
brated before use, since it cannot easily be made geometrically 
similar to the standard Pitot-static tubs 

The Total Head Tube. The Pitot-static tube shown 
in Fig. 46 is an instrument requiring somewhat delicate work 
manship in its construction. An alternative method of measur 
ing the flow is to use a total head tube only, and to measure 
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Fic. 47.—Measurement of flow with total head tube and side 


the static pressure separately. The advantage of this method 
lies in the fact that any tube with an open end facing the au 
current will measure total head accurately, no special shaping 
of the end in the stream being necessary. The outside diameter 
of this tube should not be greater than yy An h for measurements 
in a 6-inch diameter pipe, and should be even less for very small 
pipes. As regards the measurement of the static pressure, 1 
the flow in the pipe is everywhere parallel to the walls, the 
static pressure is equal at all points in a section, and, further, 
it is found that a manometer connected to a small tube let in 
to the pipe so that its inner end is flush with the inside surface 
of the pipe, measures this pressure accurately. When, there 
fore, the flow is sensibly parallel, the velocity at a point in a 
pipe section can be determined by the arrangement shown in 
Fig. 47, in which the pressure leads A and B are connected to 


opposite sides of the same manometer, one side of which will 
be under the static pressure only, whilst acting upon the othet 
there will be the sum of the velocity head and the static pres 
sure. The resultant reading of the manometer will therefore 
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be the velocity head, and in order to measure the mean rate 
of flow the total head tube is traversed exactly as if it were a 
combined Pitot-static instrument. It will be observed that the 
total head tube in the diagram is traversed across a section 
situated about one pipe diameter downstream of the side tube, 
in order that the readings of static pressure may not be affected 
by the presence of the mouth of the total head tube when the 
observations are being taken near the pipe wall. The differ- 
ence between the static pressures at these two sections one 
pipe diameter apart will never be sufficiently great to lead to 
any perceptible error in the measurement of velocity. It must 
be emphasised that the static pressure side connection to the 
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Fic. 48.—Flow straightening device. 


pipe must be flush and smooth on the inside surface ; all burrs 
made in drilling the hole in the pipe wall to take the small 
side tube must be carefully removed. The bore of the side 
tube should not exceed about } inch. 

If the flow at the section is not everywhere parallel to the 
axis of the pipe, the static pressure at the wall as measured by 
the side tube will not necessarily be the same as the mean 
static pressure across the section. Any rotary motion of the 
airstream, for example, will, on account of radial accelerations, 
cause the static pressure at the side hole to be greater than it 
is at the axis. The simplest method of straightening the flow 
sufficiently to make the static pressure at the section sensibly 
uniform is to introduce, some three or four, or preferably six, 
diameters upstream of the section, a flow straightening device, 
which may consist of six thin flat radial vanes reaching from 
the centre of the pipe to its circumference—see Fig. 48—and 
about one to one and a half pipe diameters in length. 

This method will be found efficacious in most cases, except 
possibly if a sharp bend precedes the straightener. If this 
is so, and it is not possible to make measurements at some 
other section where conditions are more favourable, or to use 
the small Pitot and static tube, the best that can be done is 
to use in place of the single side tube for measuring static 
pressure, four or six such tubes equally spaced round the pipe 
circumference, and to lead the connections from these to a 
common air-tight reservoir, in which the static pressure will 
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probably be somewhere about the mean static pressure at thi 
section. This reservoir may consist of a glass bottle with 
a neck sufficiently wide to take a large cork through which 
the necessary number of pressure connections pass; the 
pressure in the bottle is conducted through an additional con- 
nection to the manometer. 

It will be evident that this method does not give the true 
velocity at each point at which the mouth of the total head 
tube is placed, even if the pressure in the reservoir is actually 
equal to the mean of the static pressures transmitted from 
the side tubes in the pipe. As, in addition, there seems to be 
some reason to doubt whether the pressure in the reservoir 
is exactly equal to this mean static pressure, it will be clear 
that this method of measurement is not one of the highest 
accuracy, although for most practical purposes it will give 
a sufficiently close approximation to the true rate of flow. 
When the velocity and static pressure both vary considerably 
across the section, the highest precision can only be obtained 
by a thorough exploration by means of an instrument such as 
the small Pitot and static tube already described. 

The Shaped Nozzle.—Perhaps the most convenient 
practical method of measuring the mean flow in a small pipe 
is to introduce into it a shaped nozzle of the standard German 
type, or any other nozzle or orifice plate for which the co 
efficient is accurately known, and to measure the resultant 
pressure drop. The quantity flowing can then be calculated 
from the equations already given, This method is quite suit 
able in cases where a sufficient length of parallel pipe exists, 
upstream of the section at which the nozzle or orifice is inserted, 
for the flow at that section to have assumed the normal distri- 
bution for pipe flow. 

Very often it is not possible to realise this condition, but 


in this case the same method may be used with a slight modi- 
fication whereby advantage is taken of the uniform velocity 
of the jet leaving a shaped nozzle—a feature to which attention 
has already been drawn on page 100. A single observation of 
velocity head, taken with a Pitot-static tube arranged co- 
axially with the nozzle in the outlet plane, will give a good 
approximation to the mean velocity of the jet leaving the 
nozzle, and this velocity, multiplied by the area of the nozzle 
throat, will give the volume flowing. In cases where the 
highest accuracy is required, a preliminary exploration of the 
jet by means of the Pitot-static tube may be desirable in order 
to verify the constancy of velocity across the jet. A uniform 
distribution of this nature was only observed in the case of 
normal smooth pipe distribution of velocity upstream of the 
nozzle, and it is conceivable that if conditions here are very 
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widely difterent from the normal, a slight want of uniformity 
may occur in the jet. For most purposes, however, this re- 
finement will be found to be unnecessary. If the nozzle can 
be conveniently placed at the outlet end of the pipe a further 
simplification is possible, since the static pressure in the jet 
will now be equal to that of the surrounding atmosphere, that 
is to say, zero, according to the convention by which atmos- 
pheric pressure is taken as the datum.* The total head at 
a point in the jet is therefore equal to-the velocity head only, 
so that all that is required in these circumstances is a single 
observation of total head at the axis of the jet in the outlet 
plane of the nozzle. As we have already seen, this total head 
can be measured by any open-ended tube bent to face the 
airstream, and no specially shaped tube is now required. A 
thin-walled tube of about ,',-inch bore may conveniently be 
used. For the reasons mentioned above, a preliminary ex- 
ploration of the jet may sometimes be advisable in this case 
also. 

Mean Rate of Flow from a Single Observation.—A 
rapid and simple approximate method of determining the mean 
rate of flow when the distributions of velocity and static pres- 
sure at the section of measurement are fairly symmetrical, is to 
take a single velocity reading at the axis of the pipe. If a 
sufficient length of straight pipe exists upstream of the section 
in question, and the pipe is reasonably smooth internally, 


use may be made of the curve in Fig. 18, obtained by Stanton 
and Pannell, which shows the relation between the mean and 
, 7. oo 
the axial velocities for different values of = The axial 
velocity may be measured either by a small Pitot-static tube, 
or by means of the small total head tube in conjunction with a 
static pressure side hole in the pipe as described above. If doubt 
is felt as to the degree of smoothness of the pipe, or as to whether 
there is a sufficient length of straight pipe ahead of the section, 
instead of using the ratio of mean from Fig. 18, the appropriate 


“max 


value of this ratio may be determined once for all by a prelimin- 
ary careful exploration of the section by means of one of the 
standard methods already described. If the rates of flow 
which it is subsequently desired to measure vary over a con- 
siderable range, it will be advisable to conduct sufficient pre- 
liminary explorations at different rates of flow in order to or 


for the entire range of 
- 


lish the variation of the ratio =— 
“max 


* To avoid confusion, the reader is reminded that this convention 1s 
followed throughout this chapter. 
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that will be encountered. Some idea of the variation likely 
to occur in this ratio can be gained from Fig. 18; it will be 
seen that for high rates of flow the variation is relatively small, 
and the amount of preliminary exploration will be governed 
by the degree of accurat Vy that is desired. In some cases a 
single exploration at a rate of flow about half-way between 
the minimum and maximum likely to be experienced in practic 
may suffice. 

This method may be used for large as well as for small 
pipes, provided favourable velocity and static pressure distri 
butions exist. It is because a condition making for such distri 
butions, liamely, a portion of straight pipe some 20 diameters 
or so in length, is more usually present in the case of pipes ot 
small diameter that the method finds its largest field of apph 
cation for such pipes. This condition of a length of pipe up 
stream of the section of measurement is essential for a sym- 
metrical distribution of velocity and static pressure in a pipe 
system on the blowing side of a fan, since, in general, all fans 
deliver the air in a very disturbed turbulent condition, and the 
flow close to the fan outlet very often does not fill the pipe 
symmetrically, but is, as it were, piled up to one side or another. 
On the suction side, however, three or four diameters of pipe 
upstream of the section may suffice, with a further 6 diameters 
or so between it and the fan inlet. Although the distribution 


of velocity at such a section will naturally not be of the type 
which we have termed the “normal’’ distribution, it) will 
nevertheless usually be symmetrical and have a definite valu 
for the ratio of mean to axial velocity, which can be determined 
by exploration as already described. A word of caution is 
necessary for this case. It will probably be found that the open 
end of the pipe acts to some extent as a sharp-edged orifice, that 
is, the airstream will contract and not fill the pipe completely 
for a short distance from the end. This effect can be very 
largely reduced by fitting the pipe with a shaped inlet, having 
an easy entry, as shown in Fig. 49 (a) and (4). The type 
illustrated in Fig. 49 (a) gives better conditions, but is some- 
what more expensive to construct ; either type may be made in 
wood and fitted to the pipe. 

A modification of this method may often be found con- 
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venient. Instead of determining the mean rate of flow from 
the axial velocity, the total head at the centre of the pipe, 
or the static pressure at a side hole, may often be utilised. 
If the flow at the section is parallel, each of these quantities 
will in many cases be found to vary approximately as the 
square of the air-speed, so that if P is either the total head 
or the static pressure at the section, and v,, is the mean rate 
of flow, we have 

P — Kv,,? approximately, ; (I) 


m : 


where K is a constant. 

[he value of K can be determined experimentally by measur- 
ing simultaneously v,,, by one of the methods already described, 
and P for various rates of flow. Once K is established, 7v,, 
can be calculated from an observation of P. 

It will be useful to examine this method in greater detail. 
Let us confine our attention to a section X in a given length 
of pipe AB having a fan at B, which may either be made to 
blow from B to A or to exhaust from A to B. For simplicity 
imagine also that there is a shaped entry at A. We shall 
assume initially that the velocity across the section is uniform 
and equal tov, Let O bea point in the undisturbed atmos- 
phere where the air is at rest (Fig. 50). 

If we neglect the commencement of the motion when the 
fan is starting up, and confine our attention to steady con- 
ditions when the flow is established and proceeding at a constant 
rate, we see that the only work done is that against friction, 
either between the moving air current and the pipe walls or 
between adjacent particles of air moving at different rates, 
and the energy equivalent of the internal losses in the current 
itself due to turbulence. These may be grouped with the fric- 
tional losses, since they are inseparable from the flow. We 
may regard the flow as a complete circuit which commences 
and ends at the point O in the external atmosphere. The 
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air starts from rest, acquires a velocity v,, in the pipe, and is 
returned to a state of rest. (We shall neglect internal losses 
in the fan itself.) The change of total head between any 
two sections of the circuit is equal to the energy loss per unit 
volume between those two sections. 
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(a) Fan Sucking Air from A to B.—Assume that at 
A, just inside the pipe inlet, the air has acquired its velocity v,,. 
At O the total head, velocity head, and static pressure are 
all zero (the atmospheric pressure is taken as the datum accord- 


ing to the usual convention). Between O and A there is a 
certain loss of head f;, due to friction between moving and still 
air, and at A the air has acquired its velocity v,,.. The total 


head at A therefore differs from that at O only by the amount 
f,, and is therefore equal to — f;. Bernouilli’s equation (which 
states that, apart from energy losses, the total head is constant), 
when applied to the portion OA of the circuit, shows that the 
static pressure at A is \oUm? — fy, Since the velocity head 1s 


Sov,,2 and the total head — f,;. Between A and X there is an 
additional energy loss f, due to the frictional resistance of the 
pipe between A and X,* and the static and total heads at X 
may again be determined by the application of Bernouilli’s 
equation. We obtain in this manner 


Total head at X - (f; + fo), 
and 
Static pressure at X (fi + fe + $pUm?), 


the negative signs indicating that both these pressures are less 
than atmospheric. 

Now f, is always found to be very small compared with 
the other pressures, so that we may say that 


Total head at X Fas 
and approximately. 


Static pressure at X - (fe + $02?) 


Moreover, if there is a shaped entry at A, the quantity /, will 
not differ appreciably from the frictional resistance of the length 
of pipe between A and X, and this will be related to the mean 
rate of flow according to equation (4) on page 40. Although 
this frictional resistance does not vary exactly as v,,?, the error 
made by assuming that it does so vary will not be large even 
over a fairly wide range of speed, and for most practical pur- 
poses we may therefore take both static pressure and total head 
at X to vary as the square of the speed, so that equation (1) is 
established for the case where X is on the suction side of the 
fan. Usually f, will be found to be considerably smaller than 
$pUm?, the velocity head. For the rates of flow for which the 
method of measurement under consideration can be used, that 
is to say for which the pressures are of sufficient magnitude 
to be measurable with the necessary degree of accuracy, the 
section X will have to be something like 50 pipe diameters 


* f, includes any losses dye to the inlet, these are small if there is a 
shaped entry to the pipe at A 
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from A before the frictional resistance of the length AB becomes 
equal to the velo ity he ad. As X will usually be considerabl 
nearer than this to A, it follows that at a section on the suction 
side of a fan the total head is in general small, and the statu 
pressure somewhat greater than the velocity head. Henc« 


if this method of measurement is adopted it is preferable, on 
the suction side, to utilise the static pressure as a measure of 
the speed, either by adopting an expression such as (1) on page 
141, or by plotting a curve between the static pressure and 
the velocity. It should be noted that, since the portion fy O1 
the static pressure is usually less than $pv,,?, the error due to 
the assumption that the static pressure varies as v,,? 1s Corre- 
spondingly reduced, as it only affects the smaller part fo. 

[he conclusions to which the reasoning has led will not bi 
invalidated if there is no shaped entry at A; the effect of this 
will simply be to alter the value of K in equation (1). 

()) Fan Blowing Air from B to A.—We are again con 
cerned only with the length XA of the pipe. Assume that 
the mean rate of flow is v,, as before. 

At A the air will have a velocity head 40m? and the stati 
pressure referred to the atmospheric pressure will be zero, so 
that the total head at A will be 10m? The resistance of the 
length AX will of course be f, as before (f/f, does not now, how- 
ever, contain anything equivalent to the inlet loss of the previous 
case, and so will have a slightly different value), so that th 
total head and static pressure at X will both be higher by f/, 
than they are at A. Thus 


fotal head at X fo + dpv,,?. 


) 


Static pressure at X = 


Following a similar line of argument to that previously 
adopted, we arrive at the conclusion that in this case, Le. 
when p4 Is on the delivery side ot the fan, the total head, being 
greater than the static pressure, should be taken as a measure 
of the speed, and that it varies very nearly as the square of 
the speed. 

In both cases (a) and (b) the assumption has been made 
that the velocity 7,, is uniform across the section. Actually, 
of course, it is not, but the effect of this will merely be to alter 
the value of K in equation (1). 
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THE HANDBOOK OF INDUSTRIAL INSTRUMENTS 
M. F. Béhar* 
CHAPTER XV 


Speed and Acceleration 


Continued 


Electric Tachometers 


This class comprises tachometers which vce generators or magnet 
i with various types of electrical instruments calibrated in rotational 
r linear speed units. It includes neither ag nometric-electric tachometers 
not electric frequency meters. The former are described in Section 6; the 
latter in Section 20 (the first of three sections dealing with instruments pri 
marily designed for measuring frequency rather than rotational or linea 


speed as generally understood). Even with these exceptions, the electric 
class includes a surprising number of different types. Most of these types 
have failed to pass from the laboratory to the plant, and they can be omitted 
The commercial types, readily available on the market, are fewer, but in 
stead of undertaking to describe all these types separately, a greatly sum 
marized discussion seems preferable. Some commercial types or models, a 
. matter of fact, have been so highly specialized and elaborated that thei 
pplications are extremely limited 


Characteristics 

Electric tachometers measure speed continuously. They do not int 
grate or give the average speed over successive definite periods of time as « 
chronometric tachometers, but measure instantan¢ ous spee >d and are there 
fore capable of indicating variations in the measured speed 


e 
} 
| 
1O 


(2) They are capable of indicating and/or recording rapid fluctuations, 


but the industrial indicating and recording instruments are purposely 
damped in order that the pointers of the former will not wobble and that 
the records produced by the latter will not be blurred. (Special instrument 
designed for the study of extremely rapid fluctuations in the speed « 
chinery are not considered, in this discussion, as being industrial electri 


tachometers.) 


(3) The measurement of speed with electric tachometers is inferential’ 


but the relation between speed and the utilized effect thereof to which the 
electrical instrument responds is usually a straight-line rel ition, so that ac 
curacy and other measuring properties are lar; gely dependent upon the 
instrument itself 


(4) Linear characteristics of most generators make it possible to scale 
instruments uniformly from zero to maximum readings. This is of con 


——___. 
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siderable importance with regard to the calibration of both indicators and 
recorders and it is of extreme importance with regard to the accuracy and 
reliability of records—produced of course on printed charts. 


(5) The range of any one electric tachometer can be very wide. It starts 
at zero and the accuracy of the various methods does not depend on the 
speed being measured. Nevertheless it must be borne in mind that the 
measuring instruments are electrical instruments and that—especially 11 
the case of indicating voltmeters—such instruments are preferably used in 
the upper sixty percent of their scale ranges. The generators should not 
be driven at excessive speeds. The safe’ limit is usually stated by each 
maker. The range of any one system may be changed readily, by means of 
various devices either furnished with the tachometers or obtainable sepa 
rately. 


(6) The instruments themselves, being standardized electrical instru 
ments, are obtainable in many forms and sizes. They are thoroughly under 
stood by electricians. They are usually subject to the errors common to 
most electrical instruments: stray magnetic fields, variations in torque of 
restraining springs, possible friction of moving system, loss in strength of 
permanent magnets, and miscellaneous effects of vibrations or of tempera 
ture fluctuations. 


(7) It is possible to connect a plurality of instruments to one generator, 
and easy to change instruments at will. Fig. 546 (Brown Instrument Co 
shows for example two models of indicators and one recorder simultaneously 


ictuated by the same generator. 


(8) The possibility of locating the instruments at long distances from the 
generators is the best-known characteristic of electric tachometers. The 
Brown Instrument Co. states that instruments can be located “at any dis 
tance up to approximately five miles.” It must be borne in mind that the 
resistance of most conductors varies considerably with temperature 
especially that of copper conductors which are almost universally used as 
leads between generators and instruments on long-distance installations 
To minimize as much as possible this source of error, the manufacturers have 
brought out D.C. tachometers in which the total-circuit resistance is so 
high that the copper lead resistance becomes a minor factor. Several 
methods are employed. One involves high-resistance instruments—1it in 
creases, however, the temperature error of the instrument itself and makes 
it less easy to connect one or more instruments at will without altering the 
calibration of each. Another method, more generally employed, involves 
high-resistance generator armature windings and also a large series resistance 
in the circuit. This method is favored by most makers, the generators con 
sequently generating usually six volts on open circuit per 1000 r.p.m. but 
only about five milliamps. Such methods are necessary with voltmeters for 
instruments, but with potentiometers there is no necessity for compensatiot 
or minimization of changes of resistance in the connecting circuit due t 
temperature. (See No. 13 below for some other characteristics peculiar t: 
the potentiometer method.) 


(9) Direction of rotation is immaterial with most generators of industrial 
electric tachometers. The voltage-speed relation is the same in both direc 
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This makes it possible to employ indicators and recorders with zero 


r) 


t10ns. 


center scales, which are desirable in the land and water transportation 1 
Justries and on some plant applications as well. 

10) The effects of wear on accuracy are usually negligible. In a state 
ment prepared for this chapter by the Bristol Company it is said that 
curacy does not change with use because wear on the bearings of the mag 


neto has no effect on the voltage generated.” 


ac 


11 
yivn 
3 | 


(11) Repairs and replacements can usually be readily made on the unt 
I 

parts of an electric tachometric system because—according to Huey —of 

“the basic similarity to other electrical apparatus. 


(12) The generators of most modern industrial electric tachometers 
light in weight and occupy little space. They can readily be installed d 
rectly on apparatus, without necessarily being driven by flexil 
There are various models of protective cases, such as dust-proof, moist 
nd fume-proof, completely water-tight, magnetic shielding, etc. The in 
lustrial generators or magnetos require little attention, but when such 
troubles as improper brush fit, dirty commutator, etc., develop, 


serious errors which frequently are not detected and cannot be detected 


1 +] 
they cause 








without careful inspection or checking against the Plant Standard tacho 
meter. 

13) Potentiometers. With the potentiometer measuring circuit ther 
wre certain distinctive characteristics. Among these may be mentioned the 
following, extracted from a statement furnished for this chapter by the 
Leeds & Northrup Co. 

A potential is set up in the recorder equal and opposite to that gi ted in the magneto. 
e null balance galvanometer is used to detect any difference betweer lagneto gener 
t Nit 1 * 





ted potential and the opposing potential of the measuring instrumen 
hange, there is for an instant a potential difference, the recorder gal: 


letecting the unbalance directs the recorder mechanism it 


' 
increase or decrease the opposing potential. The position of certain p 





mechanism in order to equalize the opposing potential to the magne is a 
measure of the tachometer speed since it is a direct function, and re 
, ne ; 
der mechanism accurately scribes the speed curve on a legible cha i Ith 
Inherent advantages of the Potentiometer method of measuring speed 1 ymmon with other 

measurements using this circuit are as follows: 
Due to a negligible flow of current between the magneto and r r, the resistan 

the connecting two-wire circuit does not have to be considered in tl ilibratior th 
recorder. 

b. Accuracy of measurement is practically independent of varia rush contact resist 
ince in the magneto and other internal magneto resistance 

c. Recorder may be moved in distance from the magneto at any ti without recalibratior 
on account of its practical independence of lead resistance 

d. Circuit permits the use of the mill type galvanometer not requiring calibration, which 1 
the most accurate known type 

s fale ‘. mata ; ~eilyu ren od without > 
e. The only sensitive moving part (the galvinometer) is easily replaced without affect 


ing the calibration. 
To which it must be added that a potentiometer recorder 1s of necessity 
| industrial recording 


} 


more expensive and more complicated than the usua 
ne 


voltmeter. Nevertheless, the fact that the potentiometer method is t 
most accurate often outweighs such considerations 


nossess one O 


(14) Alternating Current Types of electric tachometers | 
two distinctive characteristics which make some of che above remarks inaq 
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plicable to them. There are few A.C. tachometers in use as compared with 
the D.C., and the following (abstracted from Huey’s A.S.N.E. paper) ap 
plies only to the particular type which appears to be of the greatest indus 
trial interest, namely, the system comprising a magneto type generator and 


1 Wattmeter type instrument: 








The generator is of the so-called magneto type, for the reason that it is self-excited by 
means of permanent magnets in the form of a multipolar rotor. This rotor rotates in the 

ip of a series of projecting stationary fixed poles, on which are wound alternately, volta 
i rrent generating windings. The poles of these two separate windings are electri 








, 1 
- revolving magnet poles are QO degrees 1n phase 





n 1 with the adiust 
ination with the adju 





delivere the generator, 1m Cor 






difference. The wattage power 


j 1 


nents of the indi itor, is regulated to be >ctly proporti nal to the speed of the generator 
anes , A , 1 , ] 
The dial of the indicator is calibrated in equivalent r.p.m The indicator is of the single-phase 


lternating current wattmeter type, operating on the induction principle, practically similar 
to the commercial types with one major exception: In the commercial meter the torque of 


L iit 
1 cup, is produced by the magnetic drag of a 


the moving element, which is a hollow aluminun 
windings on the core at a degrees displace 


rotating field set up by the current and voltage 








ment, whes n ind cating the watts input at 100 per cent power factor. This phase displacement 
is obtaine the de sign of the instrument. In the tachometric system : necessary phase 
displace >ment is ol btained in the design of the generator, thereby simplifying the construction 


t 
of the i 
on the poeners 
means of three leads, one of which is common to the 


itor by virtue of the generate a phase relation. Separate windings are employed 
connection is made to each 


generated two-ph ase Cur 





x for the operation of multiple indicators, and the 


indicator by 


rents By Aras. a geared-up, indicating hand, on the indicator, the graduations of the 
dial exter 1 over a large irc 


Advantages: (1) Commutator or brushes are not employed in the design of the generator 





2) By employing le circuits on the —, the indications of one indicator are not 
iffected by the pl f other indicators on a multiple indicator installation. (3) No re 
volving windings generator. (4) Well define ‘ scale m oe on indicators at all speeds 
5) Indications closely follow changes in shaft speeds ) Suitable for remote indication 





Multiple indicators may be employed 
Disadvantages 1) Calibration oe ted by deterioration of strength of permanent mag 
net empl yed in generator 2) Calibration affected by changes in operating and ambient 


temperature caused by ohmic variations in the copper circuits Accuracy of indicators is 


| by stray magnetic fields, vibration and control spring variation in the moving element 





-t 





(15) § anes: cage Type. This form of electric tachometer likewise pos 
sesses distinctive characteristics, among which the outstanding one is that 
it is a self-contained instrument the pointer of which is attached to a soft 
iron vane pivoted inside the rotating squirrel-cage itself. This instrument 


is little known in the United States. 
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Industrial Models 
A few brief descriptions, emphasizing recent developments—the makes 
\ppearing in alphabetical order. 


Bristol Company—This firm’s round-chart recorder, Fig. 505 (in Section 1 
of this chapter), produces records on 8-inch charts with2!4 Anch scale length, 
rotation period 3, 6, 10, 12 or 24 hours. The scales read r.p.m., f.p.m., 
yds.p.m., etc. These charts have a sensitized carbon-coated surface on 
which the stylus leaves a clear-cut white record line. On removing the 
chart from the instrument it is dipped in a fixative solution which makes the 
record permanent. This method reduces friction, which is essential 
because of the sensitivity of the Weston voltmeter movement embodied in 
this recorder. The strip-chart recorder, Fig. 506, uses six-inch charts, 
with a 5'4-inch scale. The charts come 90 feet long and when driven at 
the standard speed of one inch per hour furnish a 45-day record. Other 
chart speeds are 3 or 6 inches per hour, also 1, 3 or 6 inches per minute. 
The pen-arm swings above the chart, the pen does not come quite in contact 
with it, and the ink makes the record by capillary attraction. Duplex and 
multiple-record instruments are also furnished—the latter of course using 
multi-color ribbons instead of ink. (See Chapter VI, recording pyrometers.) 
In addition to the recorders, various standard forms of Bristol electrical 
indicating instruments are available. The generator listed with Bristol 
recorders or indicators is the Weston Model 44. See below 


Brown Instrument Co.—All tachometer instruments of this make have a 
sensitivity of 400 ohms per volt (0.0025 ampere for full scale deflection) and 
are therefore interchangeable. In Fig. 546, from left to right: (1) Round 
form indicator, eight-inch aluminum case. (2) Single-record recorder. 
This type has a chart in one section (scale 614-in. wide) but other models are 
capable of producing up to six records. The charts are 100 feet long. The 
marking medium in the form of a ribbon lasts two months before renewal 
With duplex charts (same width but each scale 3 inches wide) records from 
as many as 12 tachometric generators can be produced —six on each section 
of the chart. (3) Twelveinch illuminated dial indicator “particularly 
recommended for use in industrial plants.” Hundreds usually omitted 
from scale figures. Not shown: edgewise type indicators. The generator 
listed with Brown recorders or indicators is the Weston Model 44. See 
below. 


The Electric Tachometer Corp. (“Tetco”)—This maker’s chronometric 
electric recording tachometer was described above, in Section 6. The 
generators of this make are used by Leeds & Northrup, Westinghouse and 
other instrument firms in making up electric tachometric systems. Also, 
“Tetco” tachometers are supplied with instruments of various other makes 
when particular designs are called for. 


eters seems to merit 


Though not new, one of the ““Tetco” electric tachon 
inclusion here because, unlike other electromagnetic systems, it is fully 
portable and can even be used as a cut-meter. Fig. 547 shows the entire 
outfit and part of the carrying case. “The hand-magneto (weight 2° < 
pounds) is of extremely rugged design and consists of a small generating unit, 
connected through a triple gear combination to the front spindle. The 
gear ratios are the same as the ratios of the indicator scale-ranges .. . All 
case Castings are aluminum .. . All gears are phosphor bronze or steel with 
fine pitch teeth and wide faces, giving smooth and noiseless operation . . . 
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The indicator is of the horizontal type, with hairline needle and mirror 
scale; it is dead beat and not affected by external electrical influences. . . . By 
separating the generating and indicating elements, absolutely steady read 
ings can be obtained, a feature not found in tachometers of the mechanical 
type. 

The generators of this make have all been developed especially for speed 
measuring applications and various refinements have been added in the 
course of the last twenty years. The newest is the Model M-800, a vertical 
type with gear box. Its main feature is the absence of commutator end 
bearing. It—and some others—are described in the following résumé 
(prepared jointly by engineers of The Electric Tachometer Corp.and of the 

ry a a % ‘ ° ° 
Westinghouse Elec. & Mfg. Co.) from which only a few condensed extracts 
can be given: 

The selection of a magneto for indoor testing use is often determined by the driving 
urrangement. For speeds up to about 3500 r.p.m. maximum an open spur gear drive wit! 
magneto M-100 is most economical and entirely satisfactory. For higher speeds the spur 
gears are noisy and would require an expensive oil-tight housing. A worm gear is, therefore 
used with a vertical shaft magneto type M-800. The worm gear with casing is economi 
in cost and quiet. The great reduction in speed, however, necessitates a larger magnet 
to insure accuracy and steady readings at the lower end of the scale 

For most industrial plant purposes such as mills, central stations, etc., the tachometer 
equipment must be much more rugged than for testing applications and must be designed 
for long periods of continuous operation without attention. The selection of the magnet 
is also determined to a great extent by the kind of driving arrangement which must be pr 
vided. For gears, couplings or belts, the M-200 type has been found satisfactory. This 
has a 14” shaft with a double ball bearing at the gear end 

A chain drive has been found to impose very severe loads on the magneto. In order to have 
1 long life a fairly heavy chain must be used. If not properly installed or allowed to get loose 
this chain will climb the sprocket and will either bend or break any ordinary shaft whic! 
could be built into a magneto of reasonable size. To overcome this difficulty the M-30¢ 
magneto with a floating shaft was designed 

Both the M-200 and M-300 magneto are totally enclosed with gaskets and water tight 
outlet boxes for conduit connections. The cases are of non-corrosive alloys 

For railway and marine service, Tetco tachometers are extra-heavy, water-tight, able t 
withstand severe temperature changes and operate continuously while exposed to the 
weather. The Westinghouse indicating instrument, type DXA, is used Calibrating 
adjustment can be accomplished without opening the instrument . . . The moving element 
will operate successfully when mounted directly on a locomotive gage board. Extreme 
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echanism, even thoug! minent warnings are dis 
lloys of ¢ hee elope f tator 
satisfactorily without rication, at A X i ff t 
rou } e eT int iT PY: whi 
ricatior Pica : ‘ much that orease + a6 
will not cause corrosion of br f mutator 
Another new “Tetco’ tachometer is a combination outfit of which tl 


instrument end is shown in Fig. 548 which is almost self-explanator' The 





1 
tachometer is a generator-voltmeter type, and the int ctuate 
T1 +. 1 1 
contactor The counter unit is said to be unique in that ther re 1 
ratchets or es ipement mech nism in the unit It tuate tent 
1 1 rk 1 j 1 

electromagnetic follow-up motor This motor 1s said to give the fastest 
] ] ] ] > 

ong distance count of any device on the market for tl urpost YOON 
counts per minute. Experimentally it has been operat t OOO unt 

‘ 1 < 
p.m. continuously without error 
; sap | ee be ~] ' } + 1 } ] 
Esterline- Angus Co This firm has just brou it 
generator, Fig. 549. Some of its features art f 
le generator 1s Gesigned I Nneavy } type Ww 7 } requ ni 
ditional protection or mounting parts for heavy duty w l utput 
a "ty { 1 2 1 
is 13 volts at LOOO r.p.m. of the armature, making 1t ] ible to use Maximul 
imount of zero temperature coeiNcient met n ti tru t uit, ar 
1 1 
thus reduce the temperature erro! 
The de C the Ammamire aril cha ¢ ] , ¢ 
ne design of the armature and col tor Ich IVE 

] ¢t 


] 1 1 ] , 
voltage output at relatively low speeds. The armatut 
? ; ' ‘ ; 

near LOOO r.p.m. when the generator shaft itself 1s connected t ny spee 


ranging between 200 and 5000 r.p.m. The drive is through a separate jack 
shaft on large bearings taking the strain off the armature bearing, and at the 
same time making it possible to have interchangeable g o that direct 
connection can be made to any shaft running between 200 and 500 
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The available gears are 1-1, 2-1, 3-1 and 5-1 in both directions. Such ar 
arrangement eliminates the necessity for outside drives such as belts, gears, 
pulleys, chains, and their respective guards and mountings, thus reducing 
the cost and making a complete and compact installation. The case is 
fume- and moisture-proof, equipped with suitable connections for conduit. 


Other features are described in the following, condensed from the maker's 
description 

A. Non-magnetic shield protecting air gap from foreign materials. B. Brushes, which 
for cleaning or replacement without use of tools. Design eliminates vibration 
hard commutator bars set in linen base micarta insulation. D. Screw 
terminals. Can be removed and 14” conduit screwed into case for wiring. E. Heavy drive 
I f large cross section. G. Aluminum case with one 
gasketed joint. H. Screw cap which enables checking of drive shaft speed with revolution 
counter. I. Drive gears, steel ind Formica, protecting armature from shock and driving 
} 










shaft on large all bearings F M igne 


shaft strains—Changeable ratios as described above. J. Light cast aluminum cover. K 


ge 





Laminated armature ground to size and skewed one slot to eliminate pulsating voltage 
Wind with elastic varnish. Tested at 2,000 vol L. Packing separating 


gear compartment from generator. M. Magnetic shunt for adjusting calibration of generator 





impregnated 
Gives 10% adjustment plus or minus 
The recorders are standard Esterline-Angus direct current recording 
S : 
voltmeters, calibrated for use with the generator, furnished in five types of 
cases: portable, wall and switchboard single instruments, and wall and 
switchboard type twin cases which contain two recorders. In twin-type 
cases, speed recorders can be combined with other types of instruments. 
Cases are made of cast aluminum finished in black enamel. 


Five standard methods of driving the chart are available: (1) Spring 
driven clocks—hourly chart speeds of 34, 114, 3, 6, or 12 inches per hour. 
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2) Spring-driven clocks—hourly and minute chart speeds of #4, 1!o, 3, 6 
or 12 inches per hour and per minute. (3) Impulse-driven clock 4, Ly, 
x 3 inches per hour. (4) Synchronous clock drives—14, 11%, 3, 6, or 12 
inches per hour. (5) Motor drives— *4, 11%, 3, 6, or 12 inches per minute, 


or per second. 


The measuring elements used in the recorders are standard D’Arsonval 
D.C. voltmeters, similar to those used in all ; 
meters. The recorders have removable writing pens and inkwells. Charts 
ire 90 feet in length, six inches wide, printed in two colors. 

Indicating instruments are 9-inch round types, either wall or switch 
board mounting. The indicators as well as the recorders are calibrated for 
use with the generator with which they are to operate. 


Leeds & Northrup Co.—This firm makes potentiometers and supplies 
either Weston or Flectric Tachometer Co. generators. The distinctive 


characteristics of the potentiometer method of speed measurement (really 


voltage measurement) were outlined above. The L & N instruments for 
this purpose differ little from their recording pyrometers, etc. Fig. 550 


shows the usual model. Scales are uniform, 10 inches wide with rectangular 
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coordinates. Standard paper speed is 3 inches per hour, 114 and 6 inches 
optional. Charts come in 150-foot rolls. Single-record instruments are 
curve-drawing and produce ink records. Multiple-record instruments (as 
many as 16 records) employ a metal stamp printing device, each record con 
sisting of a series of dots with an identifying number beside it. Models 
ire structually alike except in the automatic switch and the printing device. 
Multiple-point instruments—-whether potentiometers or voltmeters 
should only be used on steady-speed applications on account of the interval 
between successive connections to each measuring circuit. The accuracy 
of potentiometers is extremely high. They are used on important applica 
tions. Extracts from a recent letter on this subjec 


The principal class of applications has been in connection with power piants 
Mt particular value in bringing large turbo-generators up to speed. The warming-up 


turbo-generator requires several hours. Nearly all of the large machines have a critical speed 
it which it would be dangerous to permit the generator to rotate for any length of time 
In warming up the turbo-generator, care is taken to bring the machine quickly through the 
ritical speeds to prevent damage. The record is of interest to the power plant operating 
engineer At regular intervals, the turbo-generators are run over speed to check the 
over-speed tripping devices. These are usually centrifugally-driven cut-outs which operate 
n speeds 8 to 10% above rating (I believe that the GE trip is at 10% over speed, and the 
1 recorder will show, of course, when the over-speed trij 









Westinghouse at 8‘ The speec 


per ites 





Another important application is the speed of the rolls in paper mills [Als 
the measurement of differential speed between successive rolls. The purpose of this is to hold 
it a constant value the differential speed between rolls so as to prevent paper breakage 


Sperry Gyroscope Co., Inc.—A high-voltage system recently developed 
especially for naval service and already installed on vessels of all classes. 
The indicators are all large and each combines a revolution counter which 
logs the total turns of the propeller shaft from which it is operated. The 
contactors for operating these counters are built into the generator as 
semblies. The generators are hence called “transmitters... There are 
several other special features, including optional provision for flashing a light 
once for each turn of the propeller. “On the bridge these lights are mounted 
out in the open and greatly assist in bringing the vessel alongside the dock.” 
This idea may suggest production control applications around industria! 
plants 
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GENERATED VOLTAGE 
o 


0 500 1000 1500 2000 
R.P.M. OF MAGNETO 


Westinghouse Electric &* Mfg. Co.—This firm makes only instruments fot 


lectric tachometers. Some were referred to above under Electric Tach 
eter Corp. Ina statement by this latter concern the following appears 
“While these instruments are essentially voltmeters, they are made witl 
specifications as to damping, internal resistance, current characteristics, et 
lemonstrated ...to be the most suitable for tachometers yuaranteed 
to be accurate within one per cent of full scale—at any part of the scale 
under normal operating conditions. This covers the entire tachometer 
senerator and indicator. Not less than 10, and as many as 20 points 


1 1 


calibrated to extreme accuracy on every individual scale 


Weston Elect. Instrument Corp.—This maker’s Model 44 magneto Is 





D.C. generator having a permanent magnet field and a revolving armaturt 
provided with a commutator and two brushes. The distribution and unt 
formity of the magnetic flux is governed by pole pieces of proper shape and 
the permanency of the magnetic circuit is obtained by a small air-gap and 
thorough aging of the magnetic system. The brushes and commutator 
segments are constructed of a hard non-corrosive alloy The brushes art 
carried on a self-aligning holder which equal n both brush 

ind so arranged that the brushes may be easily removed and replaced. The 
rmature is chord-wound on a laminated iron core mount nd keyed t 

i tool steel shaft carried in ball bearings. The armature pole pieces, beat 
ing housings, bearings, brush holder and resistance coil are all assembled 1n 


unit which is mounted in an aluminum die-cast case. The case is closed by 


1 ~~ 1 1 
in aluminum die-cast cover. Fig. 551 shows this generator partly 
mounted. Fig. 546 shows the outside view 
The magneto Is designed to generate an emf of 60 ve Its per 1000 1 p.m 
is ad es Lous on internal re ra a It ; ' 
Is adjusted to Nave an internal resistance of ZU on lesigt 
perate at a current output up to .OS amperes. The speed-voltage curve 1 


i straight line and is shown in Fig. 552. 
aie ; 
The terminal voltage may be adjusted un 


| A 
strument load by means of a magnetic shunt which can be operated from the 
outside of the case, and which allows a range of adjustment of the termin 


| 


voltage of 8 percent each way. The generator speed 
scale deflection of the instrument should be kept | 


> lattorent Naitior ot qt 


Cl ll Clit COLIUILIOI 


corresponding to fu 


‘1 1000 and 200 





r.p.m. There are practically no errors due to temperature in the magnet 
itself. The accuracy of this generator is guaranteed to be within 1% at 

1 - ] hoe >Y 
times if properly installed. It 1s said that the accuracy 1s appreciably bett 


than this under average conditions. 
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The Weston instruments used as part of tachometer equipment are volt 
meters of the permanent magnet movable coil type, having scales calibrate 
according to the class of service. The instruments are all indicators. The: 
have a resistance of 500 ohms per volt, corresponding to a current of .002 
ampere, for full scale deflection. This makes it possible to operate as man’ 
as twenty instruments from one generator. The high internal resistanc 
of the instrument tends to make the accuracy of the readings independent 
of the size and length of the connecting cables, poor connections, etc. Th 
resistance coils in the instrument are constructed of manganin wire whi 
has a negligible temperature coefhcient. This eliminates temperatur 
errors because the resistance of that part of the circuit having a temperatur 
coefhcient (magneto armature and connecting cables) is a small part of th 


tota! resistance. 





\ a 
>? 


: 

















The accuracy of the instruments is guaranteed to be within 1% of ful 
scale deflection, except one small model which has an accuracy of 2%, and 
one model which has an accuracy of 1 of 1%. 

These Weston indicating instruments come in ten models (probably more 
at this time) most of them of familiar appearance to engineers: flush types, 
square-case, fan-shape, round-case in various sizes, water-tight case, etc 
One new model is illustrated here (Fig. 553) to show the latest improvement 
which is the scale covering 270° of arc, as against the usual 120° arc of 
electrical indicating instrument scales. The dial diameter is 234 inches. 


16. Magnetic Drag Tachometers 

With more than forty million automotive vehicles in operation through 
out the world—about twenty-five million of them in the United States 
it is natural that this class of tachometers should be the most widespread 
But while it is represented by millions of instruments in automotive service, 
its penetration of the industrial plant field has so far lagged behind that of 
other classes. One reason is that most of the other classes were improved 
and brought to a state of high and specialized development (as regards 
intrinsic accuracy) before the magnetic tachometers were made accurate 
enough to compete for the favor of industrial engineers, or even to deserve 
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Baa: { The temper ie a i | =f 
their consideration. le temperature error Was the Diggest oDstacle: 1n 
the case of an uncompensated instrument, it amounts to not less than four 


percent for every 10°F, but let it be said immediately that this particular 
source of error has been reduced to about 0.2 percent per 10°F in high-grade 
mpensated models. 
The principle of speed measurement is based on the fact that if a magnet 
; rotated near a metal disk this latter will tend to rotate in the same direc 


j 


tion by reason of the eddy currents induced in the disk by the motion of the 








= 


= x ei . 








magnet, which eddy currents in turn set up magnetic fields. In Fig. 554 
from Diederichs & pies ie) C is the rotating magnet attached to the end 
of a vertical shaft, A is a metal cup pivoted co Xl ws with the magnet, and 
E is a coiled restraining spring. Cup A is usuall ly 1ade of aluminum and 1s 


graduated on its rim, a section of which i is viewed preven a small window 

Fig. 554 represents the original Warner instrument. In the Stewart instru 
ment the bar magnet was replaced by a circular magnet in the form of a ring 
with one gap. The more recent Stewart-Warner instruments retain the 
circular magnet. Figs. 555 to 558 show in some detail the application of the 
principle. Fig. 555 1s an edgewise view of the magnet and shows its lines 
of force. Fig. 556 illustrates the flux from different portions of the magnet 
through the cup and field pl. ite, the effect of the latter being to increase the 
flux through the cup several hundred percent. The main eddy currents in 
duced in the cup are shown in Fig. 557. Only the principal eddy currents 
ire shown. Lesser ones flow in other parts of the cup. All of these eddy 
currents travel around the cup in the same direction of rotation as that of the 
magnet (which is shown in dotted lines). Each of these eddy currents sets 
up a field of its own. Fig. 558 shows the lines of force thrown out by the 
two main eddy currents and omits for the sake of clarity ‘the lines of force 
from the permanent magnet. It is the pull exerted by the magnet field upon 
these eddy current fields that makes the cup tend to rotate. The faster the 
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gynet rotates the greater are the eddy currents and the stronger thet 

ignetic fields; hence the stronger the drag of the magnet on the cu 
Except is it is altered by temperature compensating devices, etc., th 
torque is directly proportional to the speed of the magnet 


1 1 ‘ ] 
1) Inexpensive, small, light, self-contained tachometers of this cl 
1] 
racticadDle 
1 7 ] 1 
Inferential principle; secondary methox 


3) Continuous measurement of instantaneous speed. 


Wide ranges, starting close to zero. Scales can be graduated uni 


formly. Range of each instrument cannot be changed without extert 
levices such as change gears. These are seldom supplied. 

5) Temperature error considerable except in highest grade model 
Seldom less than 0.03 o pet deg. F 

6) Position error varies with ore individual instrument. Imperfect 
balance of “speed cups” that have been handled increases this error cot 


7) Accuracy seriously impaired when friction develops at cup pivots. 


t 


8) Accuracy of imperfectly shielded models impaired by stray magnet 
fields 

9) Repairs and adjustments should be made by manufacturers, but servic 
stations abound in industrial districts. 
10) Principal application is automotive field but some models are quit 


1.1 
suitable for numerous industrial plant applications 
11) No recorders. Many combination models which include cyc 


meter counters. 


Viscous Drag Tachometers 


The principle e pl red } ~] he prop 1 litv of the drag on 
le principle employed in this Class 1s the proportionality of the Grag on 


olid immersed in-a whirling body of fluid, to the speed at which the fluid 


whirls. The fluids actually employed range from air to mercury. Whet 
liquid is employed it naturally has to be contained in a suitable vesse 


1 
nd this often requires a vertical axis so that such instruments can only be 


used in one position. In liquidfilled devices designed to be used in any 
position, the pointer spindle must pass through a stufhng-box. The frictiot 
is enormously greater than that of an ordinary instrument-spindle pivot. 


} 


7 
The driven members vary from cups, rings and disks to simple vanes 


rhey are generally pivoted on iewel bearings, except in the case mentioned 

ibove; they carry the pointer and are restt ined by suitable springs. Some 
1 | r | 

are entirely immersed in the whirling fluid, others partly. The angular 


‘ , j | i 
lacement caused by viscous drag is the measure of the speed but it sel 


Jom is linear. With air the viscous drag is approximately directly pro 
,ortional to the speed of rotation but only up to a critical speed; with liquid: 


7 

t 

the force varies between somewhat more than the first power and the second 
power—as nearly the square of the speed in the case of mercury, the second 


power being the theoretical limit. The relation is always empirical for any 
particular design, for any particular fluid and often for any particular instru 
salibrated. For example 


ment. Every instrument should be individually 
tachometer designed fol 


\ 
in the case of a certain model of a mercury-filled 
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ircraft use (with a perforated disk driven by the shaft and a vane 11 e 
roximity to the disk, both completely immersed in the mercury) the scal 
pens out progressively, as the square of the speed or nearly so, but only uy 
certain point, above which it closes in rather suddenly suggesting 
that above this speed there occurs an increasing “skin” or surface slip effect 
Again, in the case of air vane tachometers employing two vanes 1n clos 
roximity (one driven and one spring-restrained and carrying the pointet 
the torque varies as nearly the square of the speed iggesting that the 
que is not a true “viscous drag” in that particular design 
In spite of many years of researcl 
on such instruments in ny cout 
—— tries—the literature is quite volun 
oT nT 7" inous—there are few commercial 
| a models suttable for industrial set 
vice. One reason 1s that the te 
perature ccethcient large in. the 
case of liquids, and its equivalent 
the atmospheric density coethcient 
is likewise considerable in the cas 
of air. It is true that the viscosity 
of a gas does not \ with pressure 
but actually the accuracy of most of 
the air-drag instruments is serious! 
iffected by changes in weather. Not 
one commercial el belonging t 
this class of tachometers1s acceptabl 
tor engineering test work 
The principal parts of an instru 
ment employing the air drag pri 


ciple are shown in Fig 


the following descripti 
Strument consists of a 





driven by the engine 


cups another pair of i 
centric cups fits so as not to touch at any point. The sp 
the two pairs of cups is made very small and the second 


very light, usually of thin aluminum. The spindle on which the 





second pair of cups is fastened is mounted in jeweled bearings to reduce 
friction and the movement of the spindle is resisted by a fine spiral spring 
We ty 


As the lower cups are rotated they will tend to cause the upper cu] 


rotate also against the restraining action of the spring, due to 
of the thin layer of air between the walls of the cups. 
course small and the instruments will not be accurate if not « 
ind handled. 

Of the various forms of liquid-drag tachometers which h 
vestigated for the present discussion, none appears to be 
dustrial service that it merits preference over tachometers 
the other classes, for any reason whatever. 
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Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for additional Information 














Improved L& N Potentiometer 


(Leeds and Northrup Company) 


*n the name of 


HE instrument has been 
preceding L & N Potenti 


since 1910 





The L & N Micromax pyrometer is cl 


It is fully automatic and el 





operation 
lvantage > ob >d by the nev >chanical t 
dvantages are ODtained Dy the new mechanical 


ilancing 


1 .. 

ing photograph, and the automatic standardizer, also shown, 
g photogray 

rcuit every 45 minutes or less. 


ITC 


Micromax improvements 


iminates daily attenti 


L & N recorders now in ope 
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minutes or less. 


The Micromax balancing device is claimed to 


jjustments and is remarkably fast~ 
clearance between galvanometer pointer and levers, pointer 


of an inch can be detected and recorded. Because of this 


m1 





detect extremely small pointer movements, Micromax gives g 


ss the entire 91% 


ruggedness 


The recording pen can step act 
"1 


than 22 seconds, the size of each st 
leflection. The non-slip driving cl 
prevented from attempting to move 
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The automatic standardizer is a simple device which aut 


give 
give miclI 


ng. Due to the com 


mati 
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ep being far more closely related t 
11S direct and 


the pen beyon 1 either end 





ircuit every 45 minutes or less, giving a much closer adjustment th 


Also, the circuit can be standardized at will (as ! 


check is desired) before the 45-minute cycle is completed 


ardizing, the machine itself assures potentiometer accuracy, al 
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New Wire Gage 


(Federal Products Corp.) 











Light Capacity Direct Reading Scale 
With Special Oscillation Damper 
(Amthor Testing Instrument Co. Inc.) 


HIS model operates on the simple gravity principle, all readings being automaticall 
pointed out on a graduated quadrant. This new model is equipped with a speci 
mpi y evi os I 





1 ' : 1 1 ' 1 
which brings the indicator arm torest at the correct reading almost immediate 


wrth 
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Special Double Micrometer 
Microscope Measuring Instrument 


(Gaertner Scientific Corp.) 
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The Electrolimit Gage 


(Pratt & Whitney Company) 
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electrical devices is planned. Stand ardized brackets anc 1 fittings will be available for mounting 
> gaging he id for various types of work, so that in the near future the Electrolimit Gage will 

tandardized for a great many different production applications 

The use of the Electrolimit Gage is very simple. It is available for either external or 


internal work It can be set very _ to extreme accuracy, after which the operation of 


gaging does not need to be performed by skilled toolmakers. No sense of *‘feel’’ is required, 
as the gaging is done entirely by the variation of an electrical circuit which is transmitted t 
the pointer in the instrument. The position of the pointer either inside or outside f tw 
limit 4 marks indicates whether the piece will or will not pass inspection 

When being used for external work, Hoke Precision Gage Blocks are used to set the upper 
ind lower limits desired. First the low limit is set up with the proper stack of blocks, and 
with the latter in position under the diamond contact a simple ¢ adjustment is made with a 
small wrench to bring the pointer to the desired peak on the scale. Then the high limit 
is made up on a second sté a of blocks and placed under the diamond contact, and the second 
position of the pointer noted. From then on pieces of work brought under the diamond con- 


tact must allow the needle to remain between the two marks on the dial if the work is to pass 





inspection. 

For internal work two master solid ring gages representing the “go” and “not go” dimen 
sions are needed to set the gage. These rings are slipped in turn over the gage spindle and 
rotated once. Again the two positions of the needle are noted, one for each ring, and work 
being inspected must permit the n eedle to fall within the two marks as before. This method 
entirely eliminates “feel’’ which is so necessary to present mechanical gaging of internal work. 


Palo Company, which has devoted ae efforts — ively to a speci lized field of labora 
tory apparatus for many years, has united wit h Teschner Myers Co., Inc., which has handled 
general laboratory supplies. s. The combined business will henceforth be carried on with larger 
quarters at 81 Reade Stree , New York under the name of Palo-Myers Inc. 
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Dennis Melting Point Apparatus 
(Burgess-Parr Company 


SURVEY of the methods and devices for determining the melting points of organi 

compounds indicates the lack of any rapid, accurate method. The Dennis 
provides a method that is equal in accuracy to any previous method, and the time required 
for a determination is only a matter of seconds 











The principle involved in this apparatus is t s of the , , puri 
opper bar, and the measurement of the temperature ir >r-constantan ther 
sacouple. The reading in °C is indicated directly by a potentiomete 

mocouple. ye reacing 1n 418 indicated Girectly Dy a potentiometer 
> apparatus consists of a copper bar—25 mm. x 25 mm. x 61 cm. long, mounted 
1e@ apt Yh = 


aluminum base 75 
cm. long and 33 
cm. wide at the 
widest point. A 
replaceable ele- 
ment containing 
nichrome ribbon 
is located over a 
length of 744 cm 
of one end of the 
bar A rheostat 
ind ammeter are 
provided to per 
mit any desired 
regulation of the 
temperature of the 
bar. By proper 
setting of the rheo- 
stat, any temper- 
ature may be main 
tained at the hot end of the coppe 
bar The opposite end of the bar 

will be at a lower temperature due to 

radiation. 

A guide rod carrying a movable pivoted arm is | 
cated beside the copper bar along its entire length. ° 
movable arm holds a No. 20 constantan wire, and th 
wire may be brought into contact with the copper bar 
by a simple adjustment. The cagstantan wire and a copper connection from the copper bar 
are connected directly to the potentiometer, where a reading may be obtained directly in °C 
The particular instrument recommended is Leeds & Northrup No. 8658-X with a range of 
room temperature to 300°C 

The procedure involves bringing the copper bar to the approximate temperature by reter 
ring to the direction booklet for the current required. Fine particles of the substance are 
dropped along the surface of the bar from a spatula. There will be a distinct line of divisior 
between the particles in the molten and solid state. The point of the constantan wire 1s 
brought down exactly on this line by adjusting the movable arm 

Experiments have shown that exactly the same melting 
temperature of the hot end of the bar 

This apparatus is particularly useful for substances which decompose 
Due to the time required in approaching the melting point by the lary tube” meth 


the apparent melting point may vary between wide limits, depending upon the rate of heating 


r 
t 





ly on heating 





Outdoor Lighting Control Relay 


TINY electric “eye that never sleeps keeps vigil 24 hours each day for changes ir 
natural light. The “eye”, a photo-electric tube which controls 9 street lighting cir- 
cuits in Albany, N. Y., is located on the roof of the Alt 








York Power and Light Corporation. This recently-developed street lighting control unit 
one of the first to be installed for regular use, is a product of the General Electric Company’ 
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New Laboratory 
Scale 


(Toledo Scale Company) 
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New Sheet Metal Tester 


(Detroit Testing Machine Co.) 
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ANY new and novel features are incorporated in this new sheet metal tester. Instead 

of the conventional method of holding down the material to be tested by means of a 
hollow screw, clamping on this machine is done hydraulically from below. It is claimed that 
by former methods the load, when applied, had a tendency to force the gripsapart, thus permit 
ting the metal to draw under, and that it involved considerable labor to clamp sufficiently 
tight to avoid this. The hydraulic device clamps from below, overcoming this tendency; 
the clamping pressure is always in proportior 
to the load applied and involves no physical 
labor. The greater the load the harder it 
grips. All clamping devices being removed 
from the top of the machine, the operator has an 
excellent view of the test while it is being made 

The large 12” manometer permits large 
graduations and correspondingly fine readings 
A maximum pressure hand is provided to record 
the load until the reading is taken by the 
operator. 

Oil is used as the pressure medium and pres 
sure is applied by a motor-driven pump of the 
gear type. Pump gears are hardened and 
ground and gear shafts run in ball-bearings 
The motor also is ball-bearing mounted insuring 
long life and freedom from bearing trouble 
Belts and chains have been replaced by a direct 
gear reduction drive. This drive is installed 
within the casing which acts as the reservoir 
and prevents the possibility of leakage fre 
quently encouraged with outside mountings 

Safety devices guard against overloading and 
overtravel. Grips are of the circular type, 
hardened and ground and may be removed 
without tools if necessary. 

For those requiring extreme accuracy on 
light material and large capacity combined in one 
machine a special arrangement is available 
This consists of mounting two manometers on 
a heavy machine. One graduated from 0 to 5,000 or 10,000 Ibs. depending on the nature of 
the work, and the other graduated up to the load capacity of the machine. 

When making a test all operations are controlled by one graduated dial or knob. Turning 
this knob a half revolution to the right clamps the specimen and starts the test. The speed 
of the test ram is regulated by moving the dial back until the desired speed is obtained. When 
the test is completed another slight movement to the left gives a neutral position and the 
reading is taken. The knob is then given a quarter turn to extreme left releasing the work 
and returning the plungers to their original at-rest positions 

Two standard sizes are available, Models G-1 and G-2 with load capacities of 10,000 and 
20,000 Ibs. respectively 





New Adiabatic Calorimeter 
(Burgess-Parr Co.) 


NEW model of the well established Burgess-Parr adiabatic calorimeter has recently 

been announced. By employing the method developed by Dr. S. W. Parr, complete 
adiabatic conditions are easily maintained throughout a run, this eliminating the time requred 
for determining radiation correction factors, and providing more readily obtained results by 
eliminating much computation. Radiation is prevented by maintaining the jacket tempera- 
ture at all times equal to the calorimeter temperature, using manually controlled streams of hot 
and cold water for this purpose. In this way water of the proper temperature is introduced 
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into the jacket and is circulated on all 
, , 
sides, top, an 1 bottom, so that radiatior 


trom the calorimeter can 
n addition, the instrument is provided 
h two matched and certified thermo 
meters, a motor mounted on the jacket to 
provide power for stirring the calorimeter 
ind for circulating the water in the jacket, 
an ignition system which is connected 
directly to a 110-volt source, and a pilot 
light to indicate the duration of ignition 
The calorimeter is provided with the 
time tested Illium bomb, which has become 
definitely established is a standard for 


C alorimetric determin itions 





In addition to the calorimeter’s use for 





fuel analysis, it finds applications in 
chemical research laboratory, in 
instance the complete adiabatic condit 
provided by the jacket are particularly 
necessary 


are, first, a novel screw type pump which 


maintains an efhcient circulation of water 
in the jacket surrounding the calorimeter 
on all four sides, top and bottom; second 
the installation of tl I Ket 
for circulating both and 








the calorimeter water; and, third, the i 
clusion of a switch and 
ignition circuit, eliminating the need for 
external resistances As an accessory, a 
new type of electrical water heater with 
lose thermostatic control is available for use where 
is not available 











ot water of uniform temperature 


-— oo 


Multi-Contact Making 
Pressure Gages 


MULTI-CONTACT making pressure gage has been developed by the Westinghouse 

Electric and Manufacturing Company for use with supervisory control systems to 
indicate certain pressure readings at a remote point. It was leveloped for use with a pipe 
line pumping station to give remote indications of int abe ind discharge pressures. 

Ten adjustable contacts are placed at predetermined intervals over the scale of the pressure 
gage. When the pressure changes esficient ly to make a new contact, a code of impulses is 
sent over the supervisory control wires 
to indicate the change to the dispatcher i , 
Thus all changes are automatically sent 
through without the use yf extra live 
wires. In general, the device consists 
of motor driven contacts which are made 
to follow the pre ssure gage. To accom 

plish this, the shaft of the pressure gage 
is extended through to the rear and a con 
tact mounted on it which will follow the 
change in pressure. As the pressure 
tends to change up or down, it strikes 
inother contact ss #) 1 is ¢ nected di- 
rectly to a a eedaheen shaft which is 
connected directly to a motor-driven 
shaft which rotates it in a direction to 
ause the contact to again open. Thus 
the motor-driven contacts will move or 
rotate in response to variations in pres- 
sure as indicated by the pressure gage. 
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Special Comparator for Checking 
Steel Balls 


(R. Y. Ferner Co.) 
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Indoor Lighting Control Relay 


(General Electric Company) 
HOTOELECTRIC 


potentiometers which ca > adju } 
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The equipment is 
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tactor 1s rox t pi. t 
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1s ciosed. 
> eo 
The C. J. Tagliabue Manufacturing Company of Brook New York t 
announced the promotion of A. F. Rucks to the position of General S$ M 
Mr. Rucks has been connected I 


with the Taglial 
four years has served 


ted 1e f LS years and tor the 
is assistant to Mr. L. C. Irwin. Vice President of the Comy 
Mr. Rucks has gained 1 bl 


‘table experience in practi y every phase of the T 
Company's business and his success in full charge of sales may 
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New Fuel-and-Air Ratio Meter 


(Bailey Meter Company) 











HE primary purpose of the i 

easily understar guide which will 
tween the amounts ind fuel supplied 
efficiency This is mplished by an ir 
it will be noted that meter contains tw 
I 4 I ] is t tated [ y mt I) I inl 
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it is f 
give records of these factors on the same chart with the flow records 
comparison of related factors a simple task, especially since the 12” diameter charts are uni 
formly graduated and are marked with direct read h factor is recorded in ar 
individual color so that it can be easily distinguished from other records 
—oo 
onvert-U-Matic Scale 
i 
(Toledo Scale Company) 
A NEW and entirely different type of beam scale embodying features of accuracy in desigr 
and construction heretofore found only in automatic scales, offers new and outstanding 
features of weight control. It has a full floating platform which stops losses caused by the 
inevitable wear resulting from movement of the knife edge pivots on the bearings. It is pos 
the automatic indicating dial with its full floating double pendu 


sible, at any time, to put on the 
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Tru-Vac Gage 


(Continental Electric Co.) 


Bh IKE the mercury gages the TRU-VAC gage indicates, at all times, the exact degre: 
e 1m in the system to which it is connected. It is electrical in operation and has 











J wear out. The indicating mechanism can be installed at any point, either at th 
hine with the gage unit, or at any other point desired. Wires are used to connect 
init pt r with the indicating mechanism. If it is desired a recording device may 
t with the instrument an tl cord of vacuum kept. The meter cases 
tapped back of the left hand meter lephone jack can be inserted to facilitat 
ti such recording devices is is e when running special tests, as eacl 
t f specials car indicated on the record and the vacuum conditions definitely know 
h test. Orin the case produ n, it is easy to check back and find the exact vacuu 
itl ttl time tne tu S vere exh i te 


0) 


a 





MIDGET 
HiGH Vacuum 











The variable voltage which actuates the left meter ML is i >ssed on the contacts where 
standard phone plugs may be inserted and the wires may connect with a recor ling potenti 
meter for drawing a continuous vacuum curve or toa relay system for lighting red, green, at 

: yellow lights over the machine depending upon the degree of vacuum, or to shut off a port 
with a magnetic switch. If a no load vacuum tube voltmeter relay is connected, it will not 
nge the calibration of the meter although this is unnecessary as the exact calibration is 

yener IT important 


1 Ly at 
The TRU-VAC gage indicates vacuum conditions instantaneously and continuously. It 


I 
ndicates the | 1 evacuation of systems as well as the degree of evacuatior 























speed of pumps an 

It shows no discrimination between gases as does the mercury gage and reads water vapor : 
is ll as dry air pressure. It is this moisture indication that makes it a necessity in tul 

ind lamp work, or where the rea! conditions must be known 
In tl se of s devices as sun lamps, mercury arc rectifiers, certain neon and gas-filled a 
tubes, photo cells and power tubes, small traces of moisture cause sputtering of the electrodes h 
ul ible, and a gage of this nature is almost a necessity in order to cut “shrinkage 
i engthen life to a practical value r 
t] 
DIRECTIONS FOR INSTALLING TRU-VAC GAGE +] 
Connect glass tube “G” of gage unit box ““U”’ to part of exhaust system ' ling is pi 
lesired. Either seal on glass or connect in rubber DI 
Connect battery clip “C-++” to positive terminal of 4 volt storage battery (or dry cell as drair pl 
is a t 80 milliamperes) and ““C—”™ to negative terminal su 
Connect box “MB” with unit box ““U” by inserting cord plugs “*P”’ in sockets “S.”” hi 


Set pointer of right hand meter ““MR” at red line on dial (80 mils), by means of rheostat Ww 
R.” Left hand meter “ML” will now indicate the degree of vacuum in unit box “U,” vf 
which may be interpreted in microns, when desired, from curve he 
Unit box “U™ should be grounded as a special feature is a grounded grid preventing spark 


cous from disturbing the meter read 


et, insert tube “G"™ in rubber, press button “B,” read approximate micror 
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Automatic Viscosimeter 


J. Kuttner 


a bes viscosity of et 

11 to another ind 

has not, until recently, | 
twithstanding the « 


peration. The Sayl 


“he commercial marketing 
poration is arousing | 
bl being 


{ 
) 
lr 
> results ann 
resuit | 


hle 
ic ¢ 


> instrument 





jendaed nine sili 
stanGard pipe piug 


t 
ther convenient : 
without restrictions. In most cases it would 


pressure gages, pyr ymmeters, etc regul iriy use 


As long as the pressure p; (Fig. 1) is lower than 


ite the engine the s 1g pushes the diaphragm 
held wide open while oil flows without apprecia 
liaphragm and is discharged through the friction tube 
rise in the gage line b > 


the oil 


pressure increases up 
through d,; but also builds up a suf 
press the s 
pressure p 
pressure p» would fall so | 
sufficient additional oil t 
higher than a 
with which it is safe 
head of oil necessary t 

Movements of a few thousandt 
relatively large differences in the \ 
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or compressed by much larger amounts in order to make an appreciable difference 
which it exerts. For all practical purposes, therefore, the elastic force exerted 


IC 
thin the operating range of! the 





and diaphragm is constant wi y othe 
force s available for balar ancing tl lls constant spring force are the pressure le Ss P3, wid latter 
acting on the under side of the liaphrag The difference of the pre seure above and below 





the diaphragm multiplied by the eff area of the latter keep it in equilibrium against 
the spring a c force of the diaphragm itself Sh yuld there be any tendenc y 
to change the value of pe—p; = ps, the di phragm would immediately move slightly in such a 
direction as to correct the valve opening and to restore equilibrium. 





and the small elas 


With a constant pressure head maintained on opposite sides of the diaphragm, it is possible 
for only one definite quantity of oil in terms of pints per minute, say, to flow throug gh the 


orifice d This fixed quantity, as already described, escapes through the friction tube d 


» A liquid of zero viscosity would theoretically escape through d, without building up any 
pressure under the diap vhragm and would cause the pressure gage to register0. At the same 
time the action of the diaphragm would be-as described above, with the pressure bs=0 (14.7 
lbs. per sq. in. Abs An actual lic juid flowing through dywill, of course, build up a pressure 
ps, while ps will be raised correspondingly and the difference p,=p2—p; will be maintained 
without change. The gage connected to b shows the friction head proportional to the vis 
cosity of the oil, and as quantity varia 
tions have been ruled out in the manner 
previously described, the viscosity effect 
is the only one to which the gage can 
respond. 

The operation of the instrument is 
thus seen to correspond more nearly to 




















as 

the law of Poiseuille, on which the defini- 

ee 5 tion of viscosity is as than does the 

Gusine Sayb lt viscosimeter. The later meas 

— ures the time required for a standard 

mi quantity of oil to flow through a standard 
ff 





e ml x 
—— = 
fa — - ' ithe 
f Peawot[ pe orifice by gravity, so that the oil falls 
«| ings Cc through unde or a variable head and the 


fT) . 

| 1 ~ 

a measured time required for the process is 

4 ew at best an arbitrary indication of the 
-- +> quantity really sought after. 






3 Viscosity impaired by excessively high 

oil temperature is just as certain to ruin 
g. 2 bearings as reductions in viscosity arising 

from other causes, such, for instance, as 
dilution with fuel oil. However, it is a simple matter to insert a thermometer in the oil line 
close to the instrument and to determine the viscosity as a function of temperature. Should 
the viscosity increase beyond permissible limits for any reason, the instrument will 
show it. 


Operators of engine plants and automotive equipment should find the instrument a valuable 
safeguard both of the monetary value represented by the lubricating oil and of the value in 
the engine. Its use should quickly lead to a clarification of the question regarding the mini 
mum value of viscosity with which it is safe to operate Diesel engines. The fact that no such 
value is now definitely known should not detract from the value of the instrument. Opera 
tors who read outlet water temperatures on cylinder heads do not know definitely how high 
the temperature may go before cracking will occur, but they watch the thermometer pretty 
closely just the same. The same is likely to be true of the automatic viscosimeter, whose 
readings—constantly available from a glance at dial—will quickly enable operators to correlate 
such factors as bearing wear and the condition of their surfaces with the true viscosity of the 
oils they are using 


The Ellison Draft Gage Company of Chicago announce the appointment of the Hauer 
Power Equipment Company, Union Trust Building, Cincinnati, as exclusive representative 
in the Cincinnati and southwestern Ohio territory. 
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New Time Switch 


O duplicate the possibilities of a new type of time switch, a man would need an almanac, 


¢ ~ ] , , ve 
a knowledge of latitude and longitude, a precise watch, a degree of punctuality far above 


the average, and the ability to be awake and alert at all hours 

The switch, a product of the General Electric Company, will turn lights on and off at dusk 
and at dawn, or at any predetermined time before or after sunrise and sunset; and will make 
due allowances for geographical latitude and for the season of the year. It can be made to 
take holidays, omitting its operations on any desired days of the weel t can perform such 
operations as starting motors in the morning, starting and stopping them throughout the day 
according to schedule and shutting them down at the end of the day It will care for industri 
al heating problems, since by its use apparatus may be turned on early in the morning so as t 
be ready for the workmen when they arrive 

















The new switch can do two things at once. In an apartment house, for instance, it can 


turn on the hall and fire lights at dusk, turn off the hall lights at midnight, and keep the fire 
lights on until dawn. In the home the switch replaces the “alarm clock” control that more 
than one ingenious jack-of-all-trades has contrived to turn on this or that before it is time to 
arise 

Not all the above duties can be performed by the one switch, but various designs are avail 
able for such different tasks 

Three features of the new time switch, designated as GE Type T-13, are the use of the G. E 
Telechron motor, as used in electric clocks, for timing the device; the employment of mercury 
to-mercury Kon-nec-tor switches; and the availability of astronomic dials, corrected for lati- 
tude. It is designed for alternating-current circuits of 115 volts and 30 amperes or 230 volts 
and 15 amperes current-carrying capacity. It is available in single or double-pole, both 
single- or double-throw, and with either a plain or an astronomic dial. Apartment-house 
lighting is cared for by still another model, the two-circuit form. 

















“on” and “off’’) give two operations every 24 hours. Except ir 
the cases of the astronomic and two-circuit types, additional riders may be installed to give 
practically any number of operations daily; and the addition of an omitting device permits one 
or more days to be skipped if desired 

The housing is such that the time switch can be used for either indoor ar outdoor service 


Ul 


The case measures 10;°5 inches in height, 5% inches in width, and 5 inches in depth. The 


instrument weighs 6! pounds 


>—2or<- 


New Wide Field Magnifier 
(Bausch & Lomb Optical Co.) 


HIS instrument has been developed in answer to a demand for a magnifier covering a 
much wider field than other similar instruments heretofore available. The field covered 

> and one-half inches in diameter at a magnihcation of three times 
Two stands have been designed for use 
with the Wide Field Magnifier, the horse 
shoe base and the parallel arm stand, the 
latter being shown in the accompanying 

illustration 

The new instrument is particularly well 
idapted for many purposes. Photographers, 
photo-engravers, artists and bench workers 
in the optical, jewelry and watchmaking 
in many other lines of activity 
e extremely wide field offers many 


An important feature is that, unlike most 
magnifers, the eye does not need to be 
brought close to the lens in order to see tl 


full field 
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New Photo-Electric Lighting 
Control Relay 


(Westinghouse Elec. & Mfg. Co.) 


’ ‘HE operation of this lighting trol relay is effected by 
light falling on a photo-ele c tube ‘hese variations pr 
the amount oT ct nt | ng through the tube: and th h 


Ne Chis 


>, energizes a primary relay 


tor contr 


are mounted the phot 
ler the panel are fixed 


j th lo 
1djusting the de\ 


} 


pet ween them 
Some of the many a 
ights in ofhce buildings 


urport lighting, and navigation lighting installations 


With a photo-electric lighting control relay in 


atural light can never interfere with good working illuminati 


POOU LP =4 
ontrol of the lights is entirely independent of individuals 
c > use of this rel lso effects savings in pow 
installations that automatic control actory interior lightir 
half of the power needed without such contr 


Automatic control applied to illuminated signs 
dvertising value, sinc 
visibility, and turns them off when artificial illuminatior 
getting power During early morning hours, usually 
| 


may be used to turn 


it turns on their lights whenever 


e 
} 
I 


giving complete automatic control of illumination 


> Westinghouse Ele 
t hoto-electric | 1g control relay, giving 


, 1 
ind installation 
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CATALOGUE LIBRARY 


Check the publications you want. 


Remove the page and send with coupon to INSTRUMENTS. 


They will be forwarded to you without obligation. 





Company 
Name 
Address 


Title 





SEND COUPON FOR LITERATURE DESIRED 





INSTRUMENTS PUBLISHING CO., 3619 Forbes St., Pittsburgh, Pa. 


Please send us, without obligation, the literature checked herewith 





POTENTIOMETER PYROMETERS. A 
broadside describing potentiometer pyrometers 
used for heat-treated products. Leeds & ote km 1 

ip Co., 4901 Stenton Avenue, Philadelphi 
Pa, 

GROUNDING NOTES. No. 6 Vol. 1 of 
this pamphlet contains an article entitled 

Why Ground Resistances Should Be Meas- 
ired Hubbard & Company, Pittsburgh, Pa. 

SPECTROGRAPH. Two circulars entitled 

Moll Infra-red Spectrograph" and “Spectra 
obtained with the new f/2 Spectrograph pro- 
ducing luminous spectra P. J. Kipp & Zonen, 
Delft, Holland. 

SHEET METAL TESTER. A leaflet de* 
scribing Model-G2 Sheet Metal Tester De- 

Testing Machine Co., 5137 Trumbull! 
Detroit, Mich 

NEPHELO- and ABSORPTIOMETER. A 
card describing and illustrating the Nephelo- 
and Absorptio-meter for monochromatic light. 
Kipp & Zonen, Delft, Holland 

AUTOMATIC REVERSAL. A folder en- 
titled, ‘New Efficiency-New Economy for cm 
Open-Hearth."’ Leeds & oe nee 
4901 Stenton Avenue, Philadelphia, Pa 

CONTACTOR. akan de ethan © ene 
tactor for mill and crane controllers. Westing 
house Electric & Manufacturing Co., East 
Pittsburgh, Pa. 

INSTRUMENTS. 
bound booklet of 32 pages, 
complete line 


Bulletin No. 174 
covers the maker's 
of controlling, recording and in- 
dicating instruments for temperature, pressure, 
humidity and flow. The Foxboro Company, 
Foxboro, Mass 

MOISTURE METER. Bulletin illus- 
strates and describes a moisture meter which ac- 
curately and quickly determines the moisture 
content of wheat. C. J. Tagliabue Mfg. Co., 
Park & Nostrand Aves., Brooklyn, N. Y. 

PRECISION BORERS. Catalogue No. 534 
describes “‘SIP"’ boring machines, illustrates 
various accessories and shows typical jobs done 
with figures of the time saved and the accuracy 
obtained. The R. Y. Ferner Co., Investment 
Bidg., Washington, D. C. 

RADIO TESTERS. A letterhead leaflet de- 
scribing and illustrating visible counter tube 
and portable tube checkers. Also senior and 
junior test oscillators are described. Burton- 
Rogers Company, 755 Boylston Street, Boston, 
Mass 

THE HAYS RECORDER. ‘Sample No. 1” 
of a house organ “‘aspirated at intervals’ by 
The Hays Corporation, Michigan City, Ind. 


998 


MAIHAK INDICATOR 
scribes, Maihak indicator for gr I it 
in gas engine operation Ba harac oh Indust 
Instrument 7000 Bennett St., Pitt 


ther! 
ernating 
Delft Holland 


MICROSCOPES. A _ 12-pag 
titled, ““‘The Microscope must be 
Physician,”’ a folder on the GSE 


booklet 
worthy 
binocular 
ined bir 
b Opti ( 


croscope; also a folder on B & Lin 
ilar body tut Jausch & Lom 
pany, I N i 


OPEN a ee CONTROL. 4 
reprint from May , 193 el 
titled *‘( 
Temperature 
Leeds & Northrup Co 
Philadelphia, Pa. 


OSCILLOGRAPH, DEMAND METER 
ircular L 20521 describing Type PA Autom 
i scillograph and Circular L 20498 describi: 
pe RB Recor ling Demand Watthour Met 
stinghousé Electri & Manufacturing Cor 
, East Pittsburgh, Pa 


Bg cng oy INSTRUMENT BULLETIN 
he June, 1931 issue of thi iblication featu 
Two Ar ingements for vf 
d i d Oblique Lig 
mil Bus hs ( Optic al Ce 
London, E.C.1, En 


ontrols Open aes 
Difference by 
$901 Stenton 


an article entitled, 
lumination with Reflect« 
we F. Hauser, Ph.D. | 
Ltd 7 Hatton Garden 
land. 


SPECTRUM ANALYSIS. 
contains the following arti les: 
Applications; Chemical and Metallurgi 
Applications;’’ Biological and Sundry Appli 
tions,’’ etc. Adam Hilger, Ltd., 24 Rocheste1 
Pl. Camden Rd., London, N.W.1, England 


SERVICING AIRCRAFT INSTRUMENTS 
Reprint of an article by George Tate, Jr. Thi 
article was prepared in view of the fact that 
recent Department of Commerce ruling requir 
all air transport operators engaged in interstat 
passenger carrying maintain adequate 
nel and equipment for the checking and ma 
tenance of flying instruments. Pioneer Instr 
ment Company, 754 Lexington Avenue, Brook 


Bulletin No 
‘Mineralogic 


perso 


WATCHES. A circular describing and 
lustrating stop watches and split-second timer 
The Sterling Stop-Watch Co., Inc., 15 Ea 
26th Street, New York, N 
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THE NEW 
EMERSON FUEL CALORIMETER 
WITH 
STAINLESS STEEL BOMB 


The Greatest Value 
in Calorimeters 
ever placed on the 
market. 

The Special Stainless Steel 
Bomb is Absolutely Acid 


Proof. 
Write to 


EMERSON APPARATUS COMPANY 


176 TREMONT STREET MELROSE, MASS. 











Rawson Electrostatic Voltmeters 


Little or No Power Consumption — Type 508 


; Also Manufacturers of AC 
Maximum ae" or DC Thermal Multi 
Capacities. aie meters, DC Multimeters, 
Only a Few > ; ji Micro & Milli-Ammeters, 


Micro-Micro-Farads 


Ranges From 

Full Scale For 

120 Volts up to 
40,000 Volts. 
Higher Volt 
Ranges on Request 


Micro-, Milli-Vole & Vole- 
meters Cable Testers, 
Timers, Earth Current 
Meters, Flux Meters, 
[Thermo Junctions, Watt- 


meters etc. 


Write for Bulletin 


INCORPORATED 1918 
CAMBRIDGE, MASS, 


ee Coon Mid-Western Representative: 
; venth Avenue EARL N. WEBBER 
New York City Daily News Bldg., Chicago, Ll. 


above companies, please mention INSTRUMENTS 





INSTRU ME NTS 


BUYERS’ GUIDE 


Of instruments and devices for measurement, inspection or control 


lf you are unable to find what you require in the Buying Section of INSTRUMENTS—write Informat 


Section, Instruments Publishing Co., Pittsburgh, Pa. 


ABRASION TESTERS 


Atlas Electric Devices Co 


ACCELERATED TESTING CAB- 
INETS 


Atlas Electric Devices Co 
ACIDITY RECORDERS 
Leeds & Northrup Co 


ACOUSTIMETERS 
Burgess-Parr Co. 

AIR FLOW oo 
Brown Instrument C 
Foxboro Co 


AIR METERS 
Foxboro Company 
Taylor Instrument Cos 


ALIDADES 
ALTIMETERS 
Tagliabue Mfg. Co., C. J. 


AMMETERS — Indicating 
General Radio Co. 
Jewell Electrical Instrument Co. 
Rawson Elect. Inst. Co 
Weston Electrical Inst. Corp. 
Recording 
Bristol Company 
Taglisbue Mfg. Co., 
ANEMOMETERS 
ristol 
Taylor Instrument Companies 


ARMATURE TESTING EQUIP- 
MENTS 


Westinghouse Elec. & Mfg. Co. 
eet ys TESTING APPA- 


R 
Tagliabue Mfg. Co., C. J. 


ATTENUATION NETWORKS 
General Radio Company 
Rubicon Company 


AUDIO-FREQUENCY OSCIL- 
LATORS 


CJ 


General Radio Company 
BALANCES 
Alfred Suter 
BAROMETERS—Aneroid, Mer- 
curial, Recording 
Bristol Company 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
BATTERY TESTERS 
Weston Electrica! Inst. Corp 
BEARING TESTERS 
Burgess-Parr Co. 
BOARDS: INSTRUMENTS 
axboro Co. 
BRAKE TESTING METER 
BRIGES, FLECTRICAL 
Capacities, Conductivity, Hoopes, 
In uctance, —— Resistance, 


General odie Co. 

Leeds & Northrup Co. 

Rubicon Company 
CABLE TESTERS 

Leeds & Northrup Co 

Rawson Elec. Inst. Co 

Rubicon Company 





CALORIMETERS 
Peroxide, Oxygen Bomb 
Burgess- Perr Co. 
Peralta die ( 
Gaertner Scientific Co 
CAPACITANCE METERS 
General Radio Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Elec. Inst. Corp 
CARBON DIOXIDE METERS 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J. 
cA MONOXIDE MET- 


Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
CATHETOMETERS 
R. Y. Ferner Co 
hacen Scientific Corp 
CEMENT TESTING’ INSTRU- 
MENTS 


Alfred Suter 
Goan Ars 


Y. Ferner Co 
divsiouns Scientific Corp 
Leeds & Northrup Co 

aa: pf Samoa sage 

Y. Ferner Co 
A at Mfg. Co., 

CLOCKS—Gage Board 
Brown Instrument Co 
Bristol Company 
Foxboro Co. 


CLOUD & POUR TEST APPA- 
RATUS 


Tagliabue Mfg. Co., C. J. 
COILS 
Resistance, Inductance, Special. 
General Radio Co. 
Leeds & Northrup Co. 
Rubicon Company 
COIL TESTING EQUIPMENTS 
Leeds & Northrup Co. 
Rubicon Company 
COLOR TESTER 
Atlas Electric Devices Co 
COLORIMETERS 
Atlas Electric Devices Co 
Tagliabue Mfg. Co., C. J. 
COMBUSTION CONTROL 
EQUIPMENT 
Brown Instrument Co. 
nee Testing Labs., Inc. 
Leeds & ee bem Co. 
COMMUNICATION  MEAS- 
URING INSTRUMENTS 
General Radio Company 
COMPASS 
Taylor Instrument Companies 
a alg oo 
. C. Ames 
Federal Fradems Corp. 
R. Y. Ferner Co 
Geertner Scientific Corp 
CONDENSER LEAKAGE RE- 
CORDERS 
Leeds & Northrup Co. 


co 


Give complete information of requirements 


CONDENSERS—Electrical 
eneral Radio 
Leeds & Northrup Co 
Rubicon Company 


CONDUCTIVITY METERS 
Indicating, Recording, Controlling 
Leeds & Northrup Co 
Rubicon Company 


ooo RECORD 
Leed & Northrup Co. 


CONSTANT SPEED & FRE 
QUENCY SETS 
Leeds & Northrup Co. 


CONTOUR MEASURING PRO. 
JECTOR 
Bausch & Lomb Optical Co 


CONTROLS, AUTOMATIC 


Condensation 
Tagliabue Mfg. Co., C. J 
Damper 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co. 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., C. J 


Demand Pressure 
Foxboro Company 


Feed Water 
rown Instrument Co 
Foxboro Co. 


Filter Rate F 
Brown Instrument Co 
Foxboro Co 


Flow ¢ 
Brown Instrument Co 
Foxboro Co 


ravity j 
Tagliabue Mfg. Co., C. J 
Humidity 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Illinois Testing Labs., Inc 
Leeds & Northrup ? 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co 


Taylor Instrument Companies 


Liquid Level 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Illinois Testing Labs., a: 
Tagliabue Mfg. Co., C. J 
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Traces the basic causes of production losses by 
recording the entire operation of the machine, 
automatically. Shows Starting and Stopping 
Times, Speed and Rate of Production at any 
time, Slowdowns, Repair Stops, Idle Time, Etc. 
It supplies a record of facts essential to econom- 
ical plant operation. 


AMTHOR TESTING INSTRUMENT CO.), Inc. 
315A Johnson St. Brooklyn, N. Y. 








75 Uses for this 


MEASURING MACHINE 


made by 
Société Genevoise d’Instruments de 
Physique, Geneva, Switzerland 


A 2-coordinate measuring machine with 4 tables 
and various accessories For photographs, 5¢ ales, 
gages, calipers, screws, gears, also a lay-out 
machine. Write for list of 75 uses and catalog 
558. 


Capacity 16”x4”. Measures by direct The R. Y. Ferner Company 


reference to line standards. Investment Building Washington, D. C. 








$1673 Telescope Support 


We manufacture a very complete line of 


Reading Telescopes in sizes from *4" to 


134” aperture, with various adjustable 
mountings, different kinds of scales, ete. 


Catalog M-130 sent on request. 


The Gaertner Scientific Corporation 
1201 Wrightwood Avenue Chicago, U.S.A. 








CHICAGO 





DE 


DIAL INDICATORS 


Comparators Fabric Gauges 
Amplifying Gauges Rubber Gauges 
Thickness Gauges Tap Comparator Gauges 
Depth Gauges Gear Tooth Comparators 
Thread Lead Gauges Cutter Testing Gauges 
Pitch Diameter Gauges Internal and Externa! 
Cylinder Gauges Grinding Gauges 
Paper Gauges Caliper Gauges 


Federal Products Cerperatien 
Providence, R. I. 
CLEVELAND DETROIT MUNCIE NEW YORK 





When writing to the ahove companies, please mention INSTRUMENTS 








Pa \ 4 


Pressure & Vacuum 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Minneapolis-Honeywell Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Pyrometer 
Bristo! Company 
Brown Instrument Co 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Comparies 


Rate-Volume 
Foxboro Co 


Refrigeration 
Bristol Co : 
Brown Instrument Co 
Leeds & Northrup Co. 
Taylor Instrument Cos 
Special 
Leeds & Northrup Co. _ 
Minneapolis-Honeywell Co 
Rubicon Company 
Tachometer : 
Brown Instrument Co 
Foxboro Co 
Weston Elec. Inst. Corp 
Temperature-Time 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Thermometer 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument C ompen ies 
Thermostat 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Minneapolis-Honeywell Co 
Taylor Instrument Companies 
Thickness 
Time 
Bristo! Co. 
Brown Instrument Co 
Foxboro Co. 
Illinois Testing Labs., Inc. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Unit Heater 
Minneapolis-Honeywell Co 
Vacuum 
Bristol Company 
Brown Instrument Co 
Foxboro Coe. 
Tagliebue Mfg. Co., C. J 
Taylor Instrument Cos 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Minnespolis-Honeywell Co 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Water Level 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co, C. J 


CONVERTERS 
Bodine Electric Co. 


COORINATOGRAPHS 


INSTRUMENTS 





COUNTERS—Revolution 
Amthor Testing Inst. Co 
Bristol Company 
Brown Instrument Co 


Southwark Fdry. & M 


Stroke 
Bristol Company 
Southwark Fdry. & Mach. Cc 


ach Co 


COUPLING TRANSFORMERS 


Gerstral Radio Company 
€URRENT RECORDERS 


Bristol] Company 

Leeds & Northrup Co 
CURRENT REGULATORS 
CYCLE COUNTERS 

General Radio 
CYLINDERS-GRADUATED 

Tagliabue Mfg. Co., C. J 
DECELEROMETER 
DEFORMETER (Beggs) 

Southwark Fdy. & Mach. Co 
DEMAND METERS 


Foxboro Company 
Electric 
DENSITOMETERS 
DENSOMETERS 
DIVIDING HEAD 
Optical 

Bausch & Lomb Optical Co 
DIVIDING MACHINES 

R. Y. Ferner Co 

Gaertner Scientific Corp 
DRAFT GAGES—+see Gages 
DYNAMIC BALANCING 

EQUIPMENT 

Alfred Suter 
DYNAMOTORS 

Bodine Electric Co. 
EARTH CURRENT METERS 

Rawson Elec. Inst. Co. 
ELECTRIC TELEMETER 

Southwark Fdry. & Mach. Co. 


ELECTRIC WAVE FILTER SEC- 
TIONS 


General Radio Company 


ELECTROMETERS 
Rubicon Co. 


EMPLOYEES' “IN AND OUT" 


TIME RECORDERS 


ENGINE INDICATORS 
Southwark Fdry. & Mach. Co 


EXTENSOMETER 


Southwark Fdry. & Mach. Co. 


Alfred Suter 
FADE-OMETER 

Atlas Electric Devices Co. 
FATIGUE TESTERS 

Atlas Electric Devices Co 

Southwark Fdry. & Mach. Co 

Alfred Suter 
FAULT FINDERS 

General Radio Co 

Leeds & Northrup Co 

Rubicon Company 

Weston Electrical Inst. Corp 


FLASH & BURNING POINT 
TESTERS 


Tagliabue Mfg. Co., C. J. 

Taylor Instrument Cos 
FLOW METERS 

Brown Instrument Co 

Foxboro Co. 
FLUXMETERS ‘ 

Leeds & Northrup Co 

Rawson Electrical Instr. Co 


FOLDING TESTER 


September, 


FRACTIONAL HORSEPOWER 
MOTORS 


Bodine Electric Co. 


FREEZING CABINET 
Atlas Electric Devices Co 


FREQUENCY METERS 
Indicating 
Jewell Electric Instrument Co 
Leeds & Northrup Co. 
Weston Elec. Inst. Corp 
Controlling 
Leeds & Northrup Co 
Recording 
Bristol Company 
Leeds & Northrup Co 
Standards 
General Radio Co. 
FUEL ANALYSIS APPARATUS 
Burgess-Parr Co. 
FUEL FLOW INDICATOR 
FURNACE CONTROLS 
Leeds & Northrup Co. 
Taylor Instrument Cos. 
FUSES 
Instrument 
GAGE RODS . 
Tagliabue Mfg. Co., C. J 
GAGE TESTING OUTFITS 
Amthor Testing Inst. Co 
GAGES 
Absolute Pressure 
Bristol Company _ 
rown Instrument Co. 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Amplifying 
B. C. Ames Co. 
Federal Products Corp 
R. Y. Ferner Co 


Come 
C. Ames Co. 
Federal Products Corp 
R. Y. Ferner Co. 
Cylinder 
B. C, Ames Co 
Federal Products Corp 
R. Y. Ferner Co. 
Deformation 
Southwark Fdry. & Mach. Co. 
Depth 
B. C. Ames Co. 
Brown Instrument Co. 
Federa! Products Co. 
Foxboro Company 


Federal Products Corp. 

R. Y. Ferner Co. 
Differential Pressure 

Brown Instrument Co. 

Foxboro Co 

Tagliabue Mfg. Co., C. J 
Draft 

Amthor Testing Inst. Co 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taglisbue Mfg. Co., C. J 

Taylor Instrument Companies 
Drill 

Bausch & Lomb Optical Co 
Grinding 

Federal Products Corp. 
Liquid Level 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Illinois Testing Labs., 

Tagliabue Mfg. Co., o J 

Taylor Instrument Companies 
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Loss of Head 
Bristol Co : 
Brown Instrument Co 
Foxboro 

Pitch Diameter 
Federal Products Corp 
R. Y. Ferner Co 


Pocket : 
Amthor Testing Inst. Co 
Federal Products Corp 


Pressure 
Bristol Company _ 
Brown Instrument Co 
Foxboro Co. 
Leeds & Northrup Co 
Alfred Suter 
Tagliabue Mfg. Co., C. J 


Taylor Instrument Companies 


Pressure-Temperature 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Illinois Testing Labs., Inc 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Pressure & Vacuum 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Profile 
Bausch & Lomb Optical Co 
Rain : 
Taylor Instrument Companies 
Recording—Distance 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
Strain ; 
Southwark Fdry. & Mach. Co 
Alfred Suter 
Tester 
Southwark Fdry. & Mach. Co 
Thickness 
B. C. Ames Co 
Amthor Testing Inst. Co 
Federal Products Corp 
R. Y. Ferner Co. 
Volume 
Brown arenes Co 
Foxboro 
Water Level fer Boilers 
Bristol Company 
Brown Instrument Co 
Foxboro 
ind 
Bristol Co 
Brown Instrument Co 
Taylor Instrument Companies 
GALVANOMETERS 
Brown Instrument Co 
General Radio Co 
Iinois Testing Labs., Inc. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co 
Rubicon Company ; 
Weston Electrical Inst. Corp 
GAS ANALYTICAL METERS 
Chemical 
Tagliabue Mfg. Co., 
Electrical 
Brown instrument Co 
Leeds & Northrup Co. 
GAS LEAK INDICATORS 
Taylor Instrument Companies 
GASOLINE METERS 
Buffalo Meter Co. 
GAS-METERS 
Brown Instrument Co. 
Foxboro Co. 


C.J 


GASOMETERS 
GEOPHYSICAL 
INSTRUMENTS 
GOVERNORS 
Laboratory Dry & Wet Gas 
Pressure 
Bristol Company 
Brown Instrument Co 
Tagliabue Mfg. Co., C. J. 
Pump 
Tagliabue Mfg. Co., C. J 
GLASS STRAIN TESTERS 
— TESTING APPARA- 
U 


Tagliabue Mfg. Co., C. J 
GROUND DETECTORS 

Leeds & Northrup Co 

Rubicon Company 

Weston Electrical Inst. Corr 
GROUND-OHMER 

Leeds & Northrup Co 


GYPSUM _ TESTING 
MENTS 


Alfred Suter 
HARDNESS 5 magey 
outhwark Fdry. & Mach. Co. 
Alfred Suter 
HARMONIC ANALYZERS 
Leeds & Northrup Co. 
HELIOSTATS 
Gaertner Scientific Corp 


HIGH FREQUENCY APPA- 
RATUS 


INSTRU- 


Rubicon Company 

Weston Elec. Inst. Corp 
HIGH VOLTAGE 
Fuses 
Indicators 

Weston Elec. Inst. Corp 
Measuring Devices 

Weston Elec. Inst. Corp. 
Testing Devices 
HUMIDITY CONTROLLERS 

Bristol Company 

Foxboro Co. 

Taylor Instrument Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 

Bristol Company _ 

Brown Instrument Co 

Foxboro Co. " 

Leeds & Northrup Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicating 

Leeds & Northrup Co. 

Rubicon Company 
Controlling, Recording 

Leeds & Northrup Co. 
HYDROMETERS 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
HYGROMETERS 

Brown Instrument Co 

Foxboro Co 

Leeds & Northrup *, 

Tagliabue Mfg. Co., J 

Taylor Instrument Companies 
IMPACT HARDNESS TESTER 

Alfred Suter 
IMPACT TESTING MACHINES 

Alfred Suter 
Alternating 
INDICATORS—See Gages 
INDUCTANCES _ 


General Radio Co. 
Leeds & Northrup Co 
Rubicon Company 


Pa 


INSTRUMENT CALIBRATION 
AND REPAIRS 
Amthor Testing Inst. Co 
Jewell Electrical | 
Rubicon Company 
Weston Elec. Inst. ( 


INSTRUMENT FUSES 
INSTRUMENT OILS 


ee tated TRANSFORM. 


nstrument 


Jewell Electrical Instrument Co 
Weston Electrical Inst. ¢ 


—_o TESTING EQUIP 


Lee ory rthr 
Rubicon Company 


a: ares & INTEGRA. 


bes 2 mn Co 
nenneentedtiens 
Gaertner Scientific Cc 
INVERTED CONVERTERS 
Bodine Electric Co. 
JOB TIMING RECORDERS 
KEYS AND SWITCHES 
General Radio ¢ 
Leeds & Northrup 
Rubicon ompany 
KILNBOY 
F »xboro Co 
KILOVOLT AMPERE METERS 
KLYDONOGRAPHS 


LABORATORY WASHING 
MACHINES 


Atlas Electric Devices ( 


LACTOMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 

a ty OMETER 


>ctric Jevi 


LENGTH 1 MEASURING MA. 


k y re rner ¢ 
Waertner Scientilc ( 
LEVELS 
Centering 
Bausch & Lomb Optical ( 
R. Y. Ferner Co 
Engineer's, Wye, Precision, Prism 
R. Y. Ferner Co 
Taylor Instrument ¢ 


LIQUID METERS 


B 


mpanies 


ufalo Meter Co 
LOCOMOTIVE INDICATORS 
uthwark Fdry & Ma r 
LUSTER METERS 

MACHINE OILS 
MAGNETOMETERS 


Rubicon Company 
MANOMETERS 
Brow nin rst ument Co 
Foore Co 
Alfred Suter 
MASTER CLOCKS 

Geertner Scientific Corp 
MEGOHMMETERS 

Illinois Testing Labs., Inc. 

Leeds & Northrup Co 

Rubicon Company 
MEGOHM VOLTMETERS 

Jewell Electrical Instrument Co 

Weston Electrical Inst. Corp 
MELTINGPOINT APPARATUS 

Burgess-Parr Co 

Tagliabue Mfg. Co., C. J 
METER PROVERS, Gas 
METER TESTERS, Gas 
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MICROMETERS 
Amthor Testing Inst. Co 
R. Y. Ferner Co. 
Gaertner Scientific Corp. 


MICROAMMETERS 


Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co. 


Weston Electrica! Inst. Corp 


MICROFARADMETERS 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 


MICRO PYROMETERS 


MICROSCOPES 
Brinell * 
Bausch & Lomb Optical Co. 
Geertner Scientific Corp 
Alfred Suter 
Measuring 
R. Y. Ferner Co. 
Metallographic n 
Bausch & Lomb Optical Co 
Petrographical 
Bausch & Lomb Optical Co. 
Toolmakers’ 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 


MICROTOMES 
Bausch & Lomb Optica! Co. 


MILLIAMMETERS 
General Radio Co. 


Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co. 


Weston Electrical Inst. Corp. 


MILLIVOLTMETERS 
Bristol Compeny 
Brown Instrument Co 
Ilinois Testing Lebs., Inc. 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Taylor Instrument Companies 
Weston Electrical Inst. Corp. 


MOTOR RADIATOR VALVES 


Minneapolis-Honeywell Co 


MOTION RECORDERS 
Mechanical 

Bristol Conpony 

Foxboro 

Southwerk Fdry & Mach. Co 
MOTORS 

Bodine Electric Co. 


MOTOR GENERATOR SETS 

Bodine Electric 
MULTIMETERS 

Rawson Electrical Instrument Co 
MULTIPLIERS 

Jewell Electrical Instrument Co 

Leeds & Northrup Co 

Weston Electrical Inst. Corp 
NEON FILLED TUBES 
NEPHELOMETERS 
OHM METERS 

General Redio Co. 


Jewell Electrical Instrument Co. 


Leeds & Northrup Co. 
Rawson Electrical Instrument Co 
Rubicon Company 
Weston Electrical Inst. Corp 
OILS 
OIL METERS 
Buffalo Meter Co 
OIL TESTING APPARATUS 
Atlas Electric Devices Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


OPERATION RECORDERS 


Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
ORIFICE METERS 
Brown Instrument Co. 
Foxboro Co. 
ORSAT APPARATUS 
OSCILLOGR APHS 
General Radio Co 
OVENS 
Textile Conditioning 
Emerson Apperatus Co 
OXYGEN RECORDERS 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
PAINT TESTING INSTRU- 
MENTS 


Atlas Electric Devices Co 


PANTOGRAPHS 


Geertner Scientific Corp 


PAPER TESTING INSTRU- 
MENTS 


Atlas Electric Devices Co 
PERFORMANCE METER 
PERMEAMETERS 

Leeds & Northrup Co. 

Rubicon Company 


PAPERTESTINGINSTRUMENTS 


Amthor Testing Inst. 
PERISCOPES 

Bausch & Lomb Optical Co 

Geertner Scientific Corp 
PHASE INDICATOR 


PHASE SEQUENCE INDICA- 
TOR 


PHONOGRAPH TURN- 
TABLES, Electric 
Bodine Electric Co. 
PHOTOELECTRIC COLOR 
ANALYZERS 
PHOTOELECTRIC COLOR 
COMPARATOR 


PHOTO-ELECTRIC TUBES 
PHOTOMETERS 
Geertner Scientific Corp 
Bausch & Lomb Optical Co. 
Leeds & Northrup Co. 
PHYSICAL TESTING MA- 
CHINES 


Anmthor Testing Inst. Co 
Atlas Electric Devices Co. 
Southwark Fdry. & Mech. Co 


A. Suter 
PITOT TUBE MEicR 
Brown Instrument Co. 
Foxboro Co 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co. 
Foxboro Company 
Linear 
Brown Instrument Co 
Southwark Fdry. & Mach. Co 
Radial 
Bristol Company 
Foxboro Co. 
Square Root 
Foxboro Co. 
POLARISCOPES 
Gaertner Scientific Corp. 
POSITION RECORDERS 
Bristol Company 
Foxboro Co 
POTENTIAL DETECTORS 
Leeds & Northrup Co. 


Recording & Controlling 
Leeds & Northrup Co. 
POWER FACTOR METERS 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 
POWER FACTOR REGULA.- 
TORS 


PRESSURE RECORDERS 
Bristol Co. 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos. 
PROCESS TIMING AND SIG. 
NALING INSTRUMENTS 
Bristol Company 
PROGRAM INSTRUMENTS 
Leeds & Northrup Co. 


PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
PROTRACTOR 
Optical 
Bausch & Lomb Optical Co 
PSYCHROMETER 


Recording 
Bristol Company 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Sling 
Taylor Instrument Companies 


PYROMETERS 
Optical 
Leeds & Northrup Co 
Radiation 
Indicating 
Brown Instrument Co. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Recording 

rown Instrument Co 
Leeds & Northrup Co. 
Taylor Instrument Companies 

Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co. 
Hlinois Testing Labs., Inc. 
Leeds & Northrup Co 
Taylor Instrument Companie 
Indicating 
Bristol Company 
Brown Instrument ae 
poo ny souing Labs., 

Leeds & Northrup _ 
Taylor Instrument Companie: 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co 
Taylor Instrument Companies 
Surface Contact 
Bristol Company 
Brown Instrument , 
Illinois Testing Labs. 

Leeds & Northrup ag 
Taylor Instrument Companies 


RADIO_FREQUENCY OSCIL- 
LATORS 


General Radio Company 
Jewell Electrical Inst. Co. 


RADIO SET ANALYZERS 
General Radio Company e 
Jewell Electrical instrument Co 
Weston Electrical Inst. Corp. 


POTENTIOMETERS—Indicating RADIO TUBE CHECKERS 


Brown Instrument 
Leeds & Northrup Co 
Rubicon Company 


Gereral Radio Company 
Jeweil Electrical Instrument Co 
Weston Electrical Inst. Corp. 





SF 
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RADIO TEST PANEL : 
Jewell Electrica! Instrument Co. 
Rubicon Company i 
Weston Electrical Inst. Corp 

REFRACTOMETERS : 
Bausch & Lomb Optical Co. 

REGULATORS—See Controls 

RELAYS 
General Radio Co. 

Jewell Electrical Instrument Co. 
Minneapolis-Honeywell Co. 
Weston Electrical Inst. Corp 


REMOTE METERING EQUIP- 
MENT 


Bristol Company 

Brown Instrument Co 

Leeds & Northrup Co 
RESISTANCE—€lectrical 

General Radio Co 

Leeds & ee ra Co 

Rubicon Company 
RHEOSTATS 

General Radio Co. 

Rubicon Company 
ROTOSCOPE 
RUBBER AGING APPARATUS 

Emerson Apparatus Co 
RUBBER TESTING  INSTRU- 

MENTS 

SACCHARIMETERS 

Bausch & Lomb Optical Co. 

Tavlor Instrument Companies 
re 

Tagliabue Mfg. Co., 
SALINITY aecATONS 

Leeds & Northrup Co. 

Rubicon Company 
SCALES 

Amthor Testing Instrument Co. 

Geertner Scientific Corp 

Alfred Suter 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 


R. Y. Ferner Co 
SERVICE RECORDERS 


SHUNT METERS 
Bristol Co. 


SHUNTS 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical. Inst. Corp. 


SIGNALING DEVICES—Auto- 
matic 
Brown Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 


SLIDE RULES 
SLOW SPEED MOTORS 


ine Electric Co. 
SMOKE INDICATORS & RE- 
CORDERS 
Leeds & Northrup Co. 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Anthor Testing Inst. Co. 
Burgess-Par 


r Co 
SPECIAL ELECTRICAL INSTRU- 
MENTS 


Atlas Electric Devices Co 
Bristol Co 
Brown Instrument Co. 
General Radio Co. 
Illinois Testing Labs., Inc. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. Z 
Rawson Electrical Instrument Co 
euuicon Company 
Weston Electrical Inst. Cor 
SPECIAL RECORDI NG DE- 
VICES 


PECIFIC GRAVITY APPARA- 
TUS as 
al agg steel gd 
erner Co 
eure Scientific Corp 
SPECTROSCOPES 
‘em & Lomb Optical Co 
Y. Ferner Co 
Ba... Scientific Corp 
SPECTROPHOTOMETERS 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Amthor Testing Inst. Co 
Brown Instrument Co. 
Leeds & Northrup Co 
STANDARD CELLS 


Weston Electrical Inst. Corp 
STEEL TAPES 
at WATCHES 
Y. Ferner Co 
dean GAGE 
Southwark Fdry. & Mach. Co 
Alfred Suter 
STRESS INDICATOR 
STROBOSCOPES 
SULPHUR DIOXIDE METERS 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
SULPHUR aon 
APPARATUS 
Burgess- oe Co 
Tagliabue Mfg. Co., C. J 
SUNSHINE RECORDERS 
Leeds & Northrup Co. 
Taylor Instrument Companies 
SURGE RECORDERS 


SYNCHRONIZING 
Electrical 
General Radio Co 
Leeds & Northrup Co 


SYNCHRONOUS MOTORS 
Bodine Electric Co. 
TACHOSCOPES 
Amthor Testing Inst. Co. 
Brown Instrument Co. 


TACHOMETERS 
Amthor Testing Instrument Co 
Bristol Company 
Brown Instrument Co 
Foxboro | 
Weston Electrical inst 


TELESCOPES 
Bausch & Lomb Optica! Co. 
R. Y. Ferner Co 
Gaertner Scientific Corp 
TENSILE TESTERS FOR PAPER 
WIRE, SHEETS, ETC. 
Amtl.or Testing Instrument Co 
\ifre. Suter 
TENSOMETER (Huggenberger) 
Southwark Fdry. & Mach. Co 
TESTERS, Gas 
TESTING MACHINE 
Portable—Tensile—Compression 
Southwark Fdry. & Mach. Co 
Universal 
Amthor Testing Inst. Co. 
Southwark Fdry. & Mach. Co 
A. Suter 
TEXTILE TESTING IN- 
STRUMENTS 
Atlas Electric Devices Co 


Emerson Apparatus Co 
A. Suter 


THEGDOLITES 


FORKS 


Corp 


THERMO-JUNCTIONS Electric) 
General Radio Co 
Rawson Electrical Instrument > 


THERMOMETERS 
Gas Filled 


Bristol Company 
Brown Instrument ¢ 
Foxboro Co 
Tagliabue Mfg. Co 
Taylor Instrument Come 
Mechanical 
Brown Instrument (¢ 
Foxboro Co 
Tagliabue Mfg. Co 
Mercurial 
Bristol Co 
Tagliabue Mfg. Ce 
Taylor Instrument Co 


( j 
mpanies 


Resistance 
Brown Instrument Co 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co 
Vapor-iension 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co 
Taylor Instrument ¢ 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Compan 
THERMOSTATS 
Bristol Company 
Brown Instrumen 
Foxboro (¢ ° 
Minneapolis-Honeywell, 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


TIME *  ateats RECORD.- 
ERS 


ye 
ompanies 


es 


tCo 


Bristol Company 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
TIME RECORDERS 
Bristol Company 
Brown Instrument Co 
Geertner Scientific Corr 
Foxboro Co 
TIME wt ap te 
Claud S. Gordon ¢ 
TIMERS 
Leeds & Northrup Co 
Rawson Elec. Inst. Co 
Rubicon Company 
TINTOMETER 
TORSIOGRAPH 
Southwark Fdry. & Mact 
TORSION MACHINES 
Alfred Suter 


TRANSFORMATION POINT 
RECORDERS 
Brown Instrument Co 
Leeds & Northrup Co 


TRANSFORMERS 
General Radio Co 
Weston Electrical Inst. Co 
TRANSITS 
Engineer's, Surveyors, Mine 
Geertner Scientitic Corp 
Pocket 
Taylor Instrument Companies 
TUNING FORKS —Electrically 
Driven 
General Radio Co. 
Gaertner Scientific Corp 
oom & Northrup Co 
Rubicon Company 
TURBIDIMETERS 


Burgess-Parr Co 
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U-TUBE MANOMETERS 
Anthor Testing Inst. Co 


VACUUM RECORDERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos 


VACUUM TUBE BRIDGES 


General Radio Company 


VALVES 


Automatic Shut Off 
Bristol Compeny 
Brown Instrument Co. 
Foxboro Co. 
Minneapolis- renmeveees Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 


Balanced 
Brown Instrument Co 
Foxboro Co. 
Claud S. Gordon Co 


Diaphragm 
Bristol Company 
Foxboro Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Electrically Operated 
Bristol Company 
Brown Instrument Co. 
Minneapolis-Honeywell Co 


Reducing 
Claud S. Gordon Co 
Tagliabue Mfg. Co., C. J 
Regulating 
Bristol! Co. 
Brown Instrument Co 
Foxboro Co. : 
Minneapolis-Honeywell Co. 
Tagliabue Mfg. Co 
Taylor Instrument Companies 
Safety, Fuel Shut-off 
Minneapolis- puree Co 
Tagliabue Mfg. Co 


VENTURI METERS 
Brown Instrument Co 


Foxboro Co. 


VIBROGRAPH 
Southwark Fdry. & Mach. Co 


VIBROSCOPE 


VISCOSIMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


VISCOSITY TUBES 
VOLTAGE DIVIDERS 


eneral Radio 
Rubicon Company 


VOLT-AMMETERS 
Jewell Electrical! nstrument Co 
Weston Electrical Inst. Corp. 


VOLTMETERS 


Indicating 
General Radio Co 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 
Recording 
Bristol Company 
Leeds & Northrup Co. 
Thermionic, Oxide Rectifier 
eneral Radio Co 
WATER METERS 
Foxboro Co. 
WATER METERS—Hot and Cold 
Buffalo Meter Co 
bear oy a SEDIMENT APPA.- 
A 


Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 


WATTMETERS 
Indicating : 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 
Recording 
Bristol Company 
WAVEMETERS 
General Radio Co 
WAX MELTING APPARATUS 
Tagliabue Mfg. Co., C. J 
WEAR-OMETER 
Atlas Electric Devices Co. 
WEATHER-OMETER 
Atlas Electric Devices Co 





for Bulletin L-9. 


New York 





of tested samples for any purpose. 
Industry as final authority in its field. al. 
Let us send you complete details regarding both the machine and its applications. Ask 


Weather-Ometer 


“Standardized Weathering” 


measures in terms of Weather-Ometer Days just what Sun, Rain, Cold, and Heat will do 
to any materials or organic protective coatings. 
weathering limitation and thus acts as a means and a measure for determining the fitness 
This machine is relied upon today by Science and 
Its use is rapidly becoming universal. 


By the Makers of Fade-Ometer and Launder-Ometer. 


Distributors 
Boston 


ndon 


ATLAS ELECTRIC DEVICES CO. 
361 West Superior Street 


It makes available a preknowledge of 


Berlin 


Chicago, Illinois 











“@tnor” Pyro Prod \ 


Only 









$3.5 


Complete 


(Portable Pyrometer) 


The Pyro Prod is an extremely handy, aoe 
sturdy, self-contained portable pyrometer. 

It is ideal for molten soft metals and general 
temperature measuring up to 1200°F. 

Almost instant readings are obtained as the 
bare thermo-couple is inserted directly into 
the molten metal or heat zone. @ ™ 

Write for descriptive bulletin 


ILLINOIS TESTING LABORATORIES, Inc. 
145 W. Austin Avenue Chicago, Ill., U. S. A. 








When writing to the above companies, please mention INSTRUMENTS 
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NEW 410-PAGE 
AMES DIAL GAUGE 
CATALOGe 

Send today for the new Ames Gauge Catalog. Con- 
taining complete information about the construction, 
use and care of all types of Micrometer Dial Gauges, 
mountings, attachments, Upright Gauges, Pocket 
Gauges, Automotive Gauges, Lens Measures, Pre- 
cision Verifiers, Comparators, Gauge Repair Service 
and Replacement Parts. 


B. «c. AMES co. Waltham, Mass. 











ADVERTISERS’ INDEX 


A 
Ames Co., B. C. Waltham, Mass 
Amthor Testing Instrument ( 
Johnson St., Brooklyn, N. ¥ 
\tlas Electric evices ( 
Superior St., 11] 


Sta., Phil 
Jausch & Lor 
St., Rochester 
Bristol Company 
Brown Instrument 
Ave., Philadelpl a 
Buffalo Meter Co., 2909 M 
NY 


Burgess-Parr Compar 
St., Chicag Il] 


ers 


Melrose 


Federal Products ¢ 

Ferner Co., R 
Washington, D. ( 
xboro ( Inc i 














NIAGARA METERS 


Niagara Meters measure any liquid not 
chemically destructive Use them for 
accurate automatic measurement in 
place of gaugesticks, measuring tanks 
and other makeshift means. Eliminate 
exposure of liquids to contamination 
and fire hazard. Also for accurate keep 
ing of cost and inventory records. Send 
for complete information. 


BUFFALO METER CO. 
2909 Main Street, Buffalo, N. Y. 
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INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information be cut out, mounted on 
cards, and filed in your desk orinafile boxontopofyourdesk. You willthenhave within easy reach en 
index of instrument information of incalculable value. 








THe DetrerMINATION OF Low Permeasitiry. FRANK P. FAHY. INSTRUMENTS 
Vol. 4, No. 9, chouarmowey 1931, pages 475-479, 3 figs 


After sur nmarizing the classical methods of measuring permeability, the author proposes a new one app! 
nas r. th 


ristics scarcely greater than unity, and describes the requisite apparatus. 


nagneti haracte 


MrasureMent or Air Frow. E. OWER. INSTRUMENTS, Vol. 4, No. 9, September 
1931, pages 480-488, 5 figs. 
Chap. VIII Miscellaneous methods of flow measurement depending on pressure ol 


Sprep AND ACCELERATION Measurement. M. F. BEHAR. INSTRUMENTS, Vol. 4, 


No. 9, September, 1931, pages 489-503, 14 figs. 
Continuation of Chap. XV of Handbook of Industrial Instru s. This instalment cove 


Secti on 15 Electric Tachometers 
16 Masneti Drag Tachometers 
17. Viscous Drag Tachometers 


















ELECTRICAL MEASUREMENTS of 
NON ELECTRICAL MAGNITUDES 


We will cooperate with reputable corporations and individuals in 
the development of new methods and apparatus for measuring var- 
ious physical quantities by electrical means. Correspondence invited. 


RUBICON COMPANY 


Makers of Precision Electrical Measuring Instruments 
29 North Sixth Street, Philadelphia, Pa. 

















Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators + Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers + Voltage Dividers 
Attenuation Networks - String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


SAS GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 





When writing to the above companies, please mention INSTRUMENTS 
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i | RE the profitable results of 
ft any of your processes depend- 
fg ent on accurately controlling 


the operations according to a definite 


schedule? Consider the Tycos 
lyme-Cycle Regulator to speed up 
production, insure uniformity and 
cut labor requirements. 

The use of this instrument extends 
to practically every industry. If you 


will tell us what you process we 


suggest 


will 
applications without obliga- 
tion on your part. 


Bulletin 18 


3.000 describes this instru- 
ment. 


Write for it. 


Ia ylor /nstrume nt Companies 
ROCHESTER, N. Y., U.S. A 
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STabilog 
A New System of 
Automatic Contrd 


HEHE Stabilog Control System is a radical, new departure in controller design any 
‘engineering resulting from a realization, after many years of practical experienc 
that process lag can not be handled successfully by conventional types of contr) 


The Stabilog System offers ONE HUNDRED PER CEN 
AUTOMATIC CONTROL with complete mastery of th 
situation at all times—no cracked valves in by-passes: x 
pinched stop valves. It is absolutely free from manual auxiliay 
_—— and does mechanically a perfect automatic conty 
job. 


The Stabilog System can be installed and adjusted to mee 
all process changes without readjusting, and the control poini 
may be changed as required, by simply setting the index. 


It recognizes rates of change of conditions and immediate) 
compensates for them without over-controlling or sacrificin 
accuracy of control. 


It was designed particularly to solve complicated conti 
problems involving temperature, pressure, or flow in. thos 
processes where unfavorable lags exist. 


It has been demonstrated successfully on scores of difficul 
applications. Control of processes has been made practic 
that never was practical before, and present control has bee 
vitally improved. 


It is now possible for our engineers to specify, for any proces 
control equipment that is correct in theory and successful it 
practical operation. 


Write to Dept. A. E. 


FOXBOR0 


PAT OFF 
THE COMPASS OF /NDUSTRY 





THE FOXBORO COMPANY - FOXBORO. MASS 


New York Chicago Boston Philadelphia Detroit Pittsburgh 
Cleveland Rochester, N. Y. Tulsa Atlanta Los Angeles 
Dallas Portland, Ore. San Francisco Salt Lake City 





